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(57) ABSTRACT

The flash memory controller compresses data in response to a
write request. On condition that there is a compression effect
with respect to the compressed data, the flash memory con-
troller writes the compressed data to the base area of a physi-
cal block of a flash memory. As physical pages assigned to the
physical block, the flash memory controller reduces the
physical pages assigned to the base area from 102 down to 59,
and increases the physical pages assigned to the update area
from 26 up to 69. Therefore, it is possible to suppress exhaus-
tion of physical pages which are assigned to the update area,
to reduce the number of erases of the physical block, and to
consequently prolong device operating life.
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SEMICONDUCTOR STORAGE DEVICE AND
DATA CONTROL METHOD THEREOF

TECHNICAL FIELD

The present invention relates to a semiconductor storage
device and, more particularly, to a semiconductor storage
device and data control method thereof comprising a data
input and output processing function for a storage device
which includes, as a storage medium, a flash memory which
is one type of involatile memory that is electrically rewritable.

BACKGROUND ART

Flash memory is characterized by the fact that data cannot
be rewritten to a data area that has already been recorded. For
this reason, in order to update recorded data, processing is
required to erase a recorded area after reading the recorded
data and then write update data to the erased unwritten area.

However, the time taken to erase flash memory is long
compared to the write time, which greatly lowers the device
performance, and therefore a method is typically adopted for
a data update, whereby, once the recorded data has been read,
update data is generated integrally with the write data, the
generated update data is written to another unwritten area,
and the original recorded area is invalidated (a process which
renders the host system unable to reference this area). When
unwritten area is exhausted, invalidated area is erased to
generate a new unwritten area.

However, with flash memory, since the minimum erase unit
is large in comparison with the minimum write unit, an erased
area may sometimes include an area (valid area) which stores
valid data which has not been invalidated. It is therefore
necessary to write-copy all the valid data in a valid area within
an area which is to be erased to another area, invalidate the
whole erase-target area, and then delete all the data in the
erase target area.

In this processing, it is necessary to sequentially update
correspondence between an address space published to the
host system and an address space where the internal physical
recording area is managed, and management systems serving
this purpose have already been disclosed (PTL1, for
example).

In PTL1, a logical block, which includes a plurality of
physical blocks that are the minimum erase units, holds at
least two logical page sets obtained by combining a plurality
of physical pages which are minimum write units, where a
first logical page set is used in the recording of normal data,
and a second logical page set is used to record update data of
the first logical page set (hereinafter the first logical page set
will be called the base area and the second logical page set
will be called the update area). When the update area is
exhausted, update area is reserved once again by reading all
the data of the logical blocks, erasing all the logical blocks
and then rewriting by switching the data of the update area to
the base area.

Furthermore, PTL2 discloses a method with which, in
response to a change in the stored data volume arising from a
conversion algorithm for compression or encryption or the
like, the individual units of converted data are identified and,
based on the identification result, the stored data is stored in
an area with a successive address.
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SUMMARY OF INVENTION
Technical Problem

With flash memory, the minimum erase unit is larger than
the minimum write unit and the foregoing erase operation
requires write copying of data in a valid area, and therefore
the actual write volume to the flash memory increases in
comparison with the data write volume from the host system.
The rate of increase is typically referred to as the WA (Write
Amplification), and when an equal amount of writing is per-
formed on a device with a large WA and a device with a small
WA, the device with a large WA will be subject to a large
number of write and erase processes.

However, with flash memory, physical wear will be gener-
ated within the device as a result of repeated data recording
and erase processing, and holding recorded data will gradu-
ally become difficult until ultimately data can no longer be
held. For this reason, a storage system which utilizes flash
memory as a medium is restricted in the number of times that
an erase operation can be performed, and the upper limit for
the number of erases defines the device operating life. There-
fore when the aforementioned WA is small, the device is
afforded a long operating life.

In a method, as disclosed in PTL1, for managing areas
where normal data is recorded and areas where update data is
recorded, data updates are processed as writing to the update
areas. Furthermore, when the amount of update area remain-
ing is exhausted, erase processing is performed to reserve
more area. For this reason, if there is a large amount of update
area, the erase frequency can be lowered and the WA reduced.

However, reserving the update area reduces the recording
capacity published to the host system of the total recording
capacity of the medium installed in the device, and the cost
per bit of the device rises. In other words, in order to extend
the device operating life at low cost, the physical capacity
must be increased through data compression, and the record-
ing area assigned as the update area must be increased, which
is not disclosed in any way in PTL1 and PTL2.

On the other hand, with flash memory, the read/write pro-
cessing time is shorter than that of a HDD (Hard Disk Drive)
or other such storage device and the time for data compres-
sion conversion and inverse transformation brings about a
drop in performance; it is therefore preferable to avoid com-
pressing data which requires high performance as well as data
which is referenced frequently (with a high read frequency).

Moreover, with flash memory, the minimum write unit is
larger than that of a HDD or other such storage device and not
recordable, and therefore unless the write area reduced
through compression is greater than the minimum write unit,
compression has no effect. It is therefore necessary to identify
what the compression effect will be and determine whether or
not compression is necessary.

The compression target data volume subject to the com-
pression effect must also be identified and compression pro-
cessing must be executed in units of this data volume. Fur-
thermore, data compression/decompression inevitably take
time and this time is an overhead that contributes to reduced
device performance. In order to alleviate this reduced device
performance, rather than simply targeting compression effect
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data for compression, data of a low reference and update
frequency is preferably selected for compression.

The present invention solves the aforementioned problems
with flash memory, and an object of the present invention is to
provide a semiconductor storage device and a data control
method thereof allowing a longer device operating life.

Solution to Problem

In order to achieve the above object, the present invention
comprises a plurality of flash memories which include a plu-
rality of blocks of a physical block which is a batch erase unit,
as data storage areas; and a flash memory controller which
controls data input and output to and from the plurality of
flash memories in response to an access request from an
access request source, wherein each of the physical blocks in
each of the flash memories includes a plurality of physical
pages which are minimum write units, wherein the flash
memory controller if the access request is a write request,
selects a physical block belonging to any of the flash memo-
ries based on the write request, compresses write data which
is added to the write request, and on condition that there is a
greater reduction in the physical pages required for storing the
write data added to the write request when the compressed
write data is stored in the selected physical block than when
the write data is stored in the selected physical block as is,
writes the compressed write data to any of the physical pages
of the selected physical block. At this point, by determining
the data compression effect an compression can also be per-
formed against only data with a certain data reduction effect
as a compression target. In addition, in the event of a recla-
mation operation or refresh operation, the read frequency of
the data selected in the reclamation operation or refresh
operation is determined and data with a low read frequency
can also be selectively compressed.

Advantageous Effects of Invention

According to the present invention, the number of times the
physical blocks belonging to the flash memory are erase
targets can be reduced in order to prolong a longer device
operating life.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a schematic configuration diagram of'a com-
puter system according to the present invention.

FIG. 2 shows a configuration diagram of a flash module to
which the present invention is applied.

FIG. 3 shows a schematic diagram of a flash memory.

FIG. 4 shows a configuration diagram of a PBA group
according to a first embodiment.

FIG. 5 shows conceptual view of address conversion
according to the first embodiment.

FIG. 6 shows an explanatory view of LBA/PBA conversion
management information according to the first embodiment.

FIG. 7 shows a configuration diagram of a compression
LBA group according to the first embodiment.

FIG. 8 shows an explanatory view of update area manage-
ment information according to the first embodiment.

FIG. 9 shows a flowchart illustrating an update write opera-
tion according to the first embodiment.

FIG. 10 shows a flowchart illustrating an update write
operation according to the first embodiment.

FIG. 11 shows a flowchart illustrating a read operation
according to the first embodiment.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 12 shows a conceptual view of a reclamation opera-
tion according to a second embodiment.

FIG. 13 shows an explanatory view of erase management
information according to the second embodiment.

FIG. 14 shows a flowchart illustrating a reclamation/re-
fresh operation according to the second embodiment.

FIG. 15 shows a configuration diagram of a management
screen of a storage device to which the present invention is
applied.

FIG. 16 shows a conceptual view of address conversion
according to a third embodiment.

FIG. 17 shows an explanatory view of LBA/PBA conver-
sion management information according to the third embodi-
ment.

FIG. 18 shows a flowchart illustrating a write operation
according to the third embodiment.

FIG. 19 shows a flowchart illustrating a read operation
according to the third embodiment.

FIG. 20 shows a conceptual view of a reclamation opera-
tion according to the third embodiment.

FIG. 21 shows a flowchart illustrating a compression rec-
lamation/refresh operation according to the third embodi-
ment.

DESCRIPTION OF EMBODIMENTS

Embodiments according to the present invention will be
explained hereinbelow with reference to the drawings. Note
that the present invention is not limited to the embodiments
described hereinbelow.

Example 1

The first embodiment (Example 1) is configured such that
the physical blocks, which are batch erase units among the
data storage areas of the flash memory, are each divided into
a base area which is a storage destination of new write data
and an update area which is a storage destination of update
data, and a physical page, which is a minimum write unit, is
divided into a plurality of pages in the base area and the
update area respectively, and when data is stored on any of the
physical pages of a physical block based on a write request,
the write data added to the write request is compressed, and on
condition that the physical pages serving as write targets are
reduced, the compressed data is stored on any of the physical
pages, the number of physical pages assigned to the base area
belonging to the physical block is reduced, and the number of
physical pages assigned to the update area of the physical
block is increased.

FIG. 1 is a schematic configuration diagram of a computer
system which includes a semiconductor storage device which
comprises a flash memory on a medium according to the
present invention. Flash modules 110 to 111 shown in FIG. 1
are semiconductor storage devices to which the present inven-
tion is applied and in which flash memory serves as the
medium.

A storage system 101 comprises a plurality of storage
controllers (four thereof, for example) 121 to 123. The stor-
age controllers 121 to 123 each comprise a plurality of host
interfaces 106 for connecting to host systems 103 and a plu-
rality of disk interfaces 107 for connecting to storage devices
such as flash modules 110 to 111 and HDD 112 to 113.

Examples of the host interfaces 106 include devices corre-
sponding to protocols such as FC (Fibre Channel), iSCSI
(internet Small Computer System Interface), and FCoE (Fi-
bre Channel over Ether), for example, and the host interfaces
106 are each connected to a plurality of host systems (host
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computers) 103 via a network 102. Examples of the network
102 include, for example, a SAN (Storage Area Network).

Examples of the disk interfaces 107 include, for example,
devices corresponding to various protocols such as FC, SAS
(Serial Attached SCSI), SATA (Serial Advanced Technology
Attachment), and are connected via an internal network to
storage devices (recordable devices) such as the flash mod-
ules 110 to 111 and HDD 112 to 113.

Furthermore, although not shown in FIG. 1 for the sake of
simplicity, the storage controllers 121 to 123 comprise hard-
ware resources such as a processor and memory and, under
the control of a processor, issue read/write requests to storage
devices such as the flash modules 110 to 111 and HDD 112 to
113 in response to access requests from the host systems 103
which issue the access requests such as read/write requests,
for example.

Furthermore, the storage controllers 121 to 123 comprise a
RAID (Redundant Array of Inexpensive Disks) Parity gen-
eration function and a RAID-Parity based data recovery func-
tion, and manage, as RAID groups in optional units, the
plurality of flash modules 110 to 111 and the plurality of HDD
112 to 113. Furthermore, the RAID groups are divided up in
optional units as LU (Logical Units) and the divided RAID
groups are presented to each of the host systems 103 as
storage areas.

When a write request is received by an LU from a host
system 103, the storage controllers 121 to 123 generate Parity
according to the designated RAID configuration and write the
generated Parity to the storage device. In addition, when a
read request is received by an LU from a host system 103, the
storage controllers 121 to 123 read data from the storage
device and then investigate whether there is data loss, and if
data loss is detected, recover the data using the Raid Parity
and transfer the recovered data to the host system 103.

In addition, the storage controllers 121 to 123 include a
function for monitoring and managing faults, usage states,
and operating states and so on of the storage devices.

The storage system 101 is connected to a management
console 104 and a network 105. Examples of the network 105
include, for example, a[LAN (Local Area Network). Although
this is omitted from FIG. 1 for the sake of simplicity, this
network 105 is connected to each of the storage controllers
121 to 123 in the storage system 101. Note that the network
105 may also be connected by a SAN like the network 102.

The management console 104 is a computer which com-
prises hardware resources such as a processor, a memory, a
network interface, and a local 1/O device, and software
resources such as a management program. The management
console 104 acquires information from the storage system
101 by means of the program and displays a management
screen 1550 such as that shown in FIG. 15, for example.

The system administrator uses the management screen
1550 to perform control to monitor and operate the storage
system 101.

There are a plurality of (for example sixteen) flash modules
110 to 111 in the storage system 101 which are likewise
connected via disk interfaces 107 to a plurality of storage
controllers 121 to 123 in the storage system 101. The flash
modules 110 to 111 store data which is transferred in response
to write requests from the storage controllers 121 to 123 and
acquire the stored data in response to read requests and trans-
fer the data to the storage controllers 121 to 123.

Here, the disk interface 107 designates logical storage
points for the read/write requests by means of logical
addresses (hereinafter LBA: Logical Block Addresses). Fur-
thermore, a plurality of flash modules 110 to 111 are managed
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divided into a plurality of RAID configurations and have a
configuration whereby lost data can be recovered when data
loss occurs.

There are a plurality of (for example one hundred twenty)
HDD (Hard Disk Drives) 112 to 113 in the storage system 101
which are likewise connected via disk interfaces 107 to a
plurality of storage controllers 121 to 123 in the same storage
system 101 as per the flash modules 110 and 111. The HDD
112 to 113 store data which is transferred in response to write
requests from the storage controllers 121 to 123 and acquire
the stored data in response to read requests and transfer the
data to the storage controllers 121 to 123.

Note that here the disk interface 107 designates a logical
storage point for the read/write request by means of a logical
address (hereinafter LBA: Logical Block Address) Further-
more, a plurality of flash modules 110 to 111 are managed
divided into a plurality of RAID configurations and have a
configuration whereby lost data can be recovered when data
loss occurs.

The storage controllers 121 to 123 are connected via the
host interfaces 106 to the network (SAN) 102 which is con-
nected to the host systems 103. Note that although omitted
from FIG. 1 for the sake of simplicity, a connection path
which mutually communicates data and control information
between the storage controllers is also provided.

The host systems 103 correspond to computers or file serv-
ers or the like which form the core of the business affair
system, for example. The management console 103 com-
prises hardware resources such as a processor, a memory, a
network interface, and a local 1/O device, and software
resources such as device drivers, an operating system (OS),
and application programs.

The host systems 103 communicate with the storage sys-
tem 101 and issue data read/write requests by running various
programs under the control of the processor. Furthermore, the
host systems 103 acquire management information such as
usage states and operating states of the storage system 101 by
running various programs under the control of the processor.
The host systems 103 are also able to designate and change
the storage-device management units, the storage-device
control method, and the data compression configuration and
SO O1.

A computer system configuration which includes the flash
modules 110 and 111 to which the present invention is applied
has been described thus far. Note that in the configuration
shown in FIG. 1, the flash modules 110 and 111 are contained
in the storage system and connected to the host systems 103
viathe storage controllers 121 to 123 but the present invention
is not limited to the configuration shown in FIG. 1. The
present invention may also be applied to a configuration in
which the flash modules 110 and 110 are directly connected to
the disk interfaces 107 and host systems 103 which comprise
the management program.

The internal configuration of the flash module 110 will be
explained next using FIG. 2. Note that because the other flash
module 111 also has the same configuration as the flash
module 110, the flash module 111 will not be illustrated or
described here.

FIG. 2 shows the internal configuration of the flash module
110. In FIG. 2, the flash module 110 contains a flash memory
controller 201 and a plurality of (for example thirty-two) flash
memories 209 to 217.

The flash memory controller 201 contains a processor 203,
a RAM (Random Access Memory) 209, a data compress/
decompress unit 205, a data buffer 206, a disk interface 207,
a flash memory interface 208, and a switch 202 for mutual
data transfer.



US 9,063,663 B2

7

The switch 202 connects the processor 203, the RAM 209,
the data compress/decompress unit 205, the data buffer 206,
the disk interface 207, and the flash memory interface 208
which are in the flash memory controller 201, and transfers
the data between each of the these parts by routing the data
using addresses or IDs (IDentifiers).

The disk interface 207 is connected to the disk interfaces
107 which the storage controllers 121 to 123 in the storage
system 101 comprise and is connected to the parts of the flash
memory controller 201 via the switch 202.

The disk interface 207 receives read/write requests and
LBA designating request-target logical storage points from
the disk interfaces 107 which the storage controllers 121 to
123 in the storage system 101 comprise and receives write
data when a write request is made. Furthermore, the disk
interface 207 also receives a control command of the flash
module 110 and, in response to the command, notifies the
storage controllers 121 to 123 of the operating states, usage
states, and current configuration values of the flash module
110.

The processor 203 is connected to each of the parts of the
flash memory controller 201 via the switch 202, and controls
the whole flash memory controller 201 based on the program
and management information recorded in the RAM 209. Fur-
thermore, the processor 203 monitors the whole flash
memory controller 201 by means of a regular information
acquisition and interrupt reception function.

When a data transfer is made using the flash memory
controller 201, the data buffer 206 stores temporary data in
the course of the data transfer processing.

The flash memory interface 208 is connected to the flash
memories 209 to 217 by means of a plurality of buses (for
example sixteen). A plurality (for example two) of flash
memories are connected to each bus and CE (Chip Enable)
signals which are likewise connected to the flash memories
are used to distinguish and control a plurality of flash memo-
ries 209 to 211, 212 to 214, and 215 to 217 which are con-
nected to the same bus.

The flash memory interface 208 operates according to
read/write requests designated by the processor 203. Here,
the flash memory interface 208 indicates request targets by
means of physical addresses (hereinbelow PBA: Physical
Block Addresses). After receiving a PBA, the flash memory
interface 208 calculates the flash memory, physical block, and
physical page based on the PBA, and issues a read/write
request designating the physical block and physical page to
the flash memory targeted by the request.

During a read operation, the flash memory interface 208
reads stored data from the flash memories 209 to 217 and
transfers the stored data to the data buffer 206, and during a
write operation reads write data during a write operation from
the data buffer 206 and writes the write data to the flash
memories 209 to 217.

Furthermore, the flash memory interface 208 comprises an
ECC (Error Correcting Code) generation circuit, an FCC data
loss detection circuit, and an ECC correction circuit, and
when writing, writes data by appending an ECC to the data.
Furthermore, during data reading, the Hash memory interface
208 examines the read data from a flash memory by means of
the ECC data loss detection circuit, and when data loss is
detected, performs data correction by means of the ECC
correction circuit.

The data compress/decompress unit 205 comprises a func-
tion for processing a lossless compression algorithm and
comprises algorithms of various types and a compression
level conversion function. The data compress/decompress
unit 205 reads data from the data buffer 206 according to an
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instruction from the processor 203, performs a data compres-
sion calculation by means of a reversible compression algo-
rithm or a data decompression calculation which is a data-
compression inverse transformation, and writes the result
once again to the data buffer 206. Note that the data compress/
decompress unit 205 may be installed as a logic circuit and
may implement the same functions by using the processor
203 to process a compress/decompress program.

The aforementioned switch 202, disk interface 207, pro-
cessor 203, data buffer 206, flash memory interface 208, and
data compress/decompress unit 205 may be configured in a
single semiconductor device as an ASIC (Application Spe-
cific Integrated Circuit) or FPGA (Field Programmable Gate
Array) or the configuration may comprise a plurality of mutu-
ally connected individual dedicated IC (Integrated Circuits).

Specific examples of the RAM 209 include, for example,
volatile memory such as DRAM (Dynamic Random Access
Memory). The RAM 209 stores management information of
the flash memories 209 to 217 which are used in the flash
module 110 and a transfer list which includes transfer control
information used by DMA (Direct Memory Access) built into
each disk interface 207. Note that the RAM 209 may also
have a configuration used for data storage which includes
some or all of the functions of the data buffer 206 storing the
data.

The configuration of the flash module 105 to which the
present invention is applied has an far been explained using
FIG. 2.

The flash memory 209 will be explained next using F1G. 3.
Note that because the other flash memories 210 to 217 are also
the same as the flash memory 209, these flash memories will
not be illustrated or described here.

FIG. 3 shows the internal configuration of the flash
memory 209. The involatile memory area in the flash memory
209 is configured from a plurality of (for example 4096)
physical blocks 303 to 312 and can only undergo data erasure
in physical block units.

Furthermore, the flash memory 209 contains an I/O register
301. The I/O register 301 is a register which holds a storage
capacity (recording capacity) equal to or more than the physi-
cal page size (for example 8 KB).

The flash memory 209 operates according to read/write
requests from the flash memory interface 208.

In a write operation, the flash memory 209 first receives a
write command and request-target physical block and physi-
cal page from the flash memory interface 208. The flash
memory 209 then stores write data which has been transferred
via the flash memory interface 208 in the /O register 301.
Thereatter, the flash module 209 writes the data stored in the
1/O register 301 onto the physical page designated by the
PBA.

In a read operation, the flash memory 209 first receives a
read command and request-target physical block and physical
page from the flash memory interface 208. The flash module
209 then reads the data stored on the designated physical page
of the physical block and stores this data in the I/O register
301. The flash module 209 then transfers the data stored in the
1/O register 301 to the flash memory interface 208.

A physical block 302 will be explained next using FIG. 4.
Note that because the other physical blocks 304 to 307 are
also the same as the physical blocks 302, these physical
blocks will not be illustrated or described here.

FIG. 4 is a diagram serving to illustrate the physical block
302. The physical block 302 is divided into a plurality (for
example 128) of physical pages 401 to 407 and the reading of
stored data and data writing can be processed only in physical
page units. Inaddition, the order in which data is written to the



US 9,063,663 B2

9

physical pages 401 to 407 in the physical blocks 302 is pre-
scribed and data must be written in the order of the physical
pages 401, 402, 403 and so on. Moreover, overwriting a
written page is prohibited and if a physical block to which the
physical page belongs is erased, the page cannot be repro-
grammed. Note that a base areca 420 and update area 430
shown in FIG. 4 will be described next.

Thus far a description of the flash module 110 to which the
present invention is applied and the computer system used by
the flash module 110 have been described.

The management information used by the flash modules to
which the present invention is applied will be explained next.

As mentioned earlier, the disk interface 207 of the flash
memory controller 201 designates a read/write target arca by
means of an LBA from the higher-level storage controllers
121 to 123. The LBA differs from the PBA used in the cal-
culation of a request-target physical page in the flash memory
209.

That is, the flash memory controller 201 assigns a PBA,
which is an internal address, to the LBA designated by the
storage controllers 121 to 123, executes address conversion
(LBA/PBA conversion) to convert the LBA designated by the
higher-level device 103 to a PBA, and executes a read/write
operation based on the converted PBA.

By executing this address conversion, the flash memory
controller 201 is able to optionally assign the storage area of
the flash memory 209 in the flash module 110 to the LBA
designated by the storage controllers 121 to 123, in units of a
fixed data size.

Address conversion management information, which is
used in the LBA/PBA conversion of the first embodiment,
will be described hereinbelow using FIGS. 5 and 6.

FIG. 5 is a conceptual view which conceptually shows
correspondence between an LBA space and PBA space
according to the first embodiment. As shown in FIG. 5, in the
first embodiment, the storage controllers 121 to 123 divide a
referenced LBA space in 0xcc0000 (812 KB) units, manage
each of these units as LBA groups 501 to 506, divide the PBA
space in Oxcc000000 (1 MB) units, which is the physical
block size, and manage the divided PBA as each of the PBA
groups 511 to 515.

Here the storage controllers 121 to 123 manage each of the
LBA groups 501 to 506 in association with the base areas 420
of any of the PBA groups 511 to 515, and manage both
addresses as relative addresses between the associated LBA
groups and the base areas 420 of the PBA groups.

Note that the units of division of the LBA spaces according
to the present invention are not limited to Oxcc0000 (812 KB)
and that optional division units may also be used. Further-
more, the PBA space division units may be an integer mul-
tiple of the physical block size and are not limited to
0x1000000 (1 MB).

The PBA spaces are associated consecutively in the num-
ber order of the flash memory 209 installed in the flash mod-
ule 110 and the physical blocks 302 are associated consecu-
tively in the number order of the physical blocks 302, a single
physical block 302 is associated with each of the PBA groups
511 to 515. Furthermore, the physical pages 401 to 407 in the
physical blocks 302 are also associated, consecutively in the
number order of the physical pages starting with the start page
of'the physical block 302, with a PBA for every page size. As
a result of this association, the flash memory numbers, physi-
cal block numbers, and physical page numbers can be
uniquely calculated from an optional PBA.

According to the first embodiment, one PBA group 511 to
515 is assigned to each of the LBA groups 501 to 506. FIG. 5
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10
shows an example in which a PBA group 512 is assigned to a
LBA group 502 and a PBA group 514 is assigned to a LBA
group 503.

Address conversion management information for manag-
ing the assignment of each of the LBA groups and PBA
groups shown in FIG. 5 will be described next using FIG. 6.

The address conversion management information 600
according to the first embodiment and shown in FIG. 6
includes each of the following items: an LBA group start
address 601, a PBA group start address 602, an update area
start address 603, a next-write address 604, a compression
flag 605, and a read count 606. Furthermore, the address
conversion management information 600 is stored in the
RAM 204 in the flash memory controller 201 in FIG. 2 and is
referred to and changed by the processor 203.

The LBA group address 601 is an item which records the
start addresses of all the LBA groups 501 to 506 shown in
FIG. 5. For example, 0x000 cc000 which is the start address,
is registered in the item corresponding to the LBA group 502
shown in FIG. 5.

The PBA group address 602 is an item for registering the
start addresses (start page addresses) of the PBA groups
assigned to each of the LBA groups. In addition, information
which indicates non-assignment is registered for LBA groups
to which PBA groups have not been assigned.

In FIG. 6, for example, a state is shown in which 0x000
cc000, which is the start address of the assigned PBA group
512, is registered in the item corresponding to the LBA group
502 shown in FIG. 5.

The update area start address 603 is an item for registering
the start addresses of areas where update data is written dur-
ing an update write operation in the PBA groups 511 to 515
assigned to each of the LBA groups. For example, it can be
seen that 0x78000 (Page 60) is registered in the item corre-
sponding to the LBA group 502 shown in FIG. 5 and that,
when the LBA group 502 is subjected to an update write,
update data is written to the 60th and subsequent physical
pages in the PBA group 512.

The next-write address 604 is an item for registering the
addresses to be written to next in the PBA groups 511 to 515
assigned to each of the LBA groups. This item is used to
restrict writing by the system to the physical page with the
preceding address value and to control the writing sequence
in the flash memory 209 which is subject to a restricted write
order in the physical block 302.

For example, 0xE6000 (Page 64) is registered in the item
corresponding to the LBA group 502 shown in FIG. 5 and a
data update to the LBA group 502 is written from the 64th
physical page.

The compression flag 605 is an item which indicates that
the stored data of the PBA groups assigned to the LBA groups
501 to 506 is in a data-compressed state. In the present
embodiment, it can be seen that the PBA group 512 and PBA
group 165 which are assigned to the LBA group 502 and LBA
group 504, which have 1 recorded under the item compres-
sion flag 605 have undergone data compression. A PBA group
which has undergone data compression will be referred to
hereinbelow as a compressed PBA group.

The read count 606 is an item for registering the total
number of reads generated in each of the LBA groups 501 to
506. The read count 606 is updated for each read operation of
the flash module 110 and is reset at regular intervals. The
erase interval may be any interval such as a few hours, one
day, or one month, and the system administrator is able to
configure/modify the erase interval in conjunction with a
threshold value for determining the relative level of the read
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frequency by means of the read frequency 1504 item on the
management screen 1550 shown in FIG. 15.

Thus far, address conversion management information 600
which is used in the assignment of PBA groups 511 to 515 to
the LBA groups 501 to 506 and the management thereof has
been described.

The correspondence between a PBA and an LBA in an
LBA group when a PBA group is assigned to an LBA group
will be described next. According to the present embodiment,
a PBA group and compressed PBA group are formed with a
single physical block 302 as a group area range and a physical
block 302 with a physical block size 0x10000000 (1 MB) is
configured from 128 physical pages 401 to 407 as shown in
FIG. 4.

In the present embodiment, in the flash memories 209 to
217 for which the data erase time is longer than the write time
and which do not allow data overwriting, update data is writ-
ten to a physical page 302 that is separate from the physical
page 302 for storing pre-update data in order to construct a
flash module 110 capable of high-speed data updates. Here,
assignment must be changed from a PBA indicating a physi-
cal page 302 storing pre-update data which has been assigned
to theupdate request LBA to a PBA indicating a physical page
302 written with update data.

The page module 110 to which the present embodiment is
applied is configured comprising, in the PBA groups, a PBA
area (called the base area hereinbelow) for storing data on the
LBA group area size and a PBA area (referred to hereinafter
as the update area) which is assigned in each case in order to
store update data when a data update is made to the LBA
group.

Furthermore, in a compressed PBA group, data stored in
the base area is compressed and the unused area generated by
the compression is added and assigned to the update area. As
aresult of the increase in the update area, the number of times
the flash memory is inevitably erased due to data updates can
be reduced and, as a result, a longer operating life for the
storage device, which is the effect of the present invention,
can be achieved.

In order to achieve this result, LBA and PBA conversion in
the PBA groups and compressed PBA groups assigned to the
LBA groups is carried out in physical page size units which
are the minimum read/write units of the flash memory 209.
The way in which the stored data is managed for each of the
PBA groups and compressed PBA groups will be described in
detail hereinbelow.

FIG. 4 shows, as an example, a PGA group for which the
item update area start address 603 of the address conversion
management information 600 shown in FIG. 6 is registered at
0xCEO0000 (Page 103), and, based on registration values, the
102nd physical pages 401 to 404 from the start of the physical
block 302 are taken as the base area 420 and the pages from
the 103rd physical page 405 to the last 128th physical page
407 are taken as the update area 430. Note that since the same
is also true for other uncompressed PBA groups, an explana-
tion of these groups is omitted here.

FIG. 7 shows a compressed PBA group for which the item
update area start address 603 of the address conversion man-
agement information 600 shown in FIG. 6 is registered at
0x78000 (Page 60) and, based on registered values, the 59th
physical pages 701 to 704 from the start of the physical block
302 are taken as the compressed base area 720 and the pages
from the 60th physical page 705 to the last 128th physical
page 707 are taken as the update area 730. Note that since the
configuration of the base area and the update area is the same
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for the other compressed PBA groups which differ only in
their update area start address, a description of these groups is
omitted here.

As shown in FIG. 7, in order to compress the data stored in
the base area 720 in a compressed PBA group, a value smaller
than 0xCEQ00 (Page 103) which is the update area start
address of an uncompressed PBA group can be registered and
in comparison with an uncompressed PBA group, the number
of physical pages assigned to the base area 720 is reduced
from 102 to 59 and the number of physical pages assigned to
the update area 730 is increased from 26 to 69.

For correspondence between the LBA and PBA in the base
area 420 of uncompressed PBA groups, PBA are assigned
consecutively starting with the start page (Oth page) to each of
the LBA. The addresses of the LBA and PBA in the base area
420 of an uncompressed PBA group are associated by means
of arelative address and therefore the LBA which indicates a
fourth page from the start address of the corresponding LBA
group corresponds to the PBA of the fourth page of the PBA
group base area assigned to the corresponding LBA group.
Furthermore, the total site of the physical pages 401 to 404
assigned to the base area 430 (hereinafter referred to as the
base area pages) is the same site as the LBA group if the PBA
group is uncompressed.

Meanwhile the stored data of the base area 420 of an
uncompressed PBA group is compressed and stored in a
compressed PBA group. This area is referred to hereinbelow
as the compressed base area 720. Correspondence between
the LBA and PBA for the compressed base area 720 involves,
for each LBA, consecutively assigning, starting with the start
address (Oth page), base area pages 711 to 715 (hereinafter
referred to as compressed-data base area pages) which belong
to a virtual base area (inverse-transformed base area) 740
obtained by decompressing the compressed data stored in the
physical pages 701 to 704 of the compressed base area 720.

For example, the LBA indicating the fourth page from the
start address of the corresponding LBA group corresponds to
the fourth page of the compressed-data base area pages 711 to
715 of the compressed PBA group assigned to the corre-
sponding LBA group. Furthermore, the number of physical
pages 701 to 704 associated with the compressed base area
720 of the compressed PBA group changes depending on the
data compression rate.

Here, if compressed write data is stored on the physical
pages 701 to 704 which are associated with the compressed
base area 720 of a compressed PBA group, the processor 203
forms avirtual base area 740 which is assigned physical pages
711 to 715 for storing compressed write data as data when this
data is virtually decompressed, changes the corresponding
relationship, between an LBA group and the base area 420 of
the physical block 302 corresponding to the LBA group, to a
corresponding relationship between the LBA group and the
virtual base area 740 of the physical block 302 corresponding
to the LBA group, and if the base area 420 of the physical
block 302 is designated by means of a subsequent access
request, processes the physical page assigned to the virtual
base area 740 of the physical block 302 as an access destina-
tion.

When an update is generated in the stored data of the base
area pages 401 to 404 of the same PBA group, the physical
pages 405 to 407 assigned to the update area 430 of the
uncompressed PBA group shown in FIG. 4 store update data
of'a page size obtained by reflecting the update in the previous
data for the physical page size even when the update request
is less than the physical page size.

Furthermore, when an update is generated in the stored
data of the base area pages 701 to 704 of the same PBA group,
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the physical pages 705 to 707 assigned to the update area 730
of the compressed PBA group shown in FIG. 7 store update
data of a page site obtained by reflecting the update in the
previous data for the physical page size even when the update
request is less than the physical page size.

The correspondence between the PBA and LBA of the
physical pages 405 to 407 of the update area 430 and the
physical pages 705 to 707 of the update area 730 is managed
by means of the update area management information 800
shown in FIG. 8.

FIG. 8 is an example of the update area management infor-
mation 800 according to the first embodiment. The update
area management information 800 shown in FIG. 8 includes
at least update area address 801 and update source address
802 items and registers the information of each of these items
for each of the physical pages of the update arcas 430 and 730.
Furthermore, the update area management information 800 is
provided for each PBA group, stored in the RAM 204 in the
flash memory controller 201 in FIG. 2, and referred to and
updated by the processor 203.

The update area management information 800 of each PBA
group comprises each of the item information for every physi-
cal page assigned to the update areas 430 and 730, from the
update page start address registered in the update area start
address 603 in FIG. 6 to the end page address of the PBA
group.

In the example of FIG. 8, the number of items of each of the
update area pages (the number of items in a row direction)
represents the management information that is changed
dynamically according to the registered value of the update
area start address 603 of the address conversion management
information 600 but may, on the other hand, be managed by
the management information of a fixed size which registers
each of the update area addresses in place of the update source
address. In this case, the management information size can be
reduced in a PBA group for which the compression effect is
large (for example, if the update area is greater than the base
area in the compressed data).

The update area address 801 is an item for registering the
start address of the physical pages 405 to 407 of the update
area 430 shown in FIG. 4 and the update area pages 705 to 707
shown in FIG. 7, and registers the start addresses of each of
the pages consecutively beginning with the start pages of the
update areas 430 and 730. Note that update area addresses
801 according to the present embodiment are registered by
means of relative addresses, starting with the start address of
the PBA group, but may also be managed by means of abso-
lute addresses in the PBA space.

The update source address 802 is an item for registering the
start addresses of base area pages, in an uncompressed PBA
group, which are a source for updating the update data stored
in each of the update pages shown in FIG. 4 (physical pages
of the update area 430) 405 to 407.

In addition, the update source address 802 in a compressed
PBA group is an item for registering the start addresses of the
pages in the compressed-data base area pages 711 to 715
stored in the compressed base area pages 701 to 704 which are
a source for updating the update data stored in each of the
update area pages 705 to 707 shown in FIG. 7.

The update area management information 800 records
update-source base area pages for each of the update area
pages and, in the conversion of LBA and PBA during refer-
encing, is able to acquire the addresses of update area pages in
which update data is stored by searching for base area pages,
indicated by the PBA calculated from the L.BA, from the
update source addresses 802 of the update area management
information 800.
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In addition, when a plurality of updates are performed on
the same base area page, because update data for a plurality of
identical base area pages is stored in the update areas 430 and
730, a plurality of start addresses of the same base area page
are registered in the update source address 802 item in the
update area management information 800. However, in the
flash memory 209, because the programmed order of pages is
prescribed, a data update which is generated in the same PBA
group stores update data in order starting with the page with
the smallest update area address. The latest update data of the
base area pages is therefore stored in update area pages with
large start addresses.

For this reason, the processor 203 is able to acquire the
update area pages storing the latest update data by searching
for the BA of the physical pages 711 to 712 of the com-
pressed-data base area or the physical pages 401 to 404 of the
base area 420 to which the LBA corresponds in order starting
with the update area page with the largest physical address
registered in the update area address 801.

For example, in the example shown in FIG. 8, two pages,
namely 0x78000 (Page 60) and 0x7C000 (Page 62) among
the update area addresses 801, store update data of the com-
pressed-data base area 0xC0000 (Page 6). When, on these two
update area pages which record update data of the same
compressed-data base area, two update area addresses
0x78000 (Page 60) and 0x7C000 (Page 62) are compared,
0x7C000 has a larger address and hence it can be determined
that a page with the latest area address 0x7C000 (Page 62)
stores the latest update data of the compressed-data base area
0xC0000 (Page 6).

Thus far, the address conversion management information
600 and update area management information 800 according
to the first embodiment have been described. By performing
the address conversion management according to the present
embodiment, a change in the stored data size as aresult of data
compression is handled by changing the number of pages
assigned to the update area, and the number of pages assigned
to the update area can be increased.

In the flash memory 209, which does not allow data over-
writes, although erase operations are inevitably generated
when the area for writing update data is exhausted as a result
of data updates, by increasing the size of the update area, the
number of erases generated by fixed-volume data updates can
bereduced. As aresult, deterioration of the flash memory 209
is alleviated and a longer operating life is achieved for the
storage system.

Furthermore, according to the present embodiment, corre-
spondence between the LBA and compressed data is man-
aged within the flash modules and write data can be com-
pressed or compressed data can be read without the awareness
of the higher-level storage controllers 121 to 123.

The read/write operations of the flash modules which use
the management information will be described next. Accord-
ing to the present embodiment, data compression is per-
formed on write data from higher-level devices (hosts) 103
and the compression effect is determined. If the compression
effect is equal to or more than an expected value, the com-
pressed data is stored and when the compression effect is
below the expected value, the uncompressed data is stored. As
a result of this function, a drop in the performance as arises
when compressed data is read is reduced by compressing only
suitable data for which there is a compression effect.

FIG. 9 is a flowchart of a write operation according to the
present embodiment. The write operation to the flash module
110 will be explained next using FIG. 9.

In the first step S901 of the write operation, the disk inter-
face 207 of the flash module 110 receives a write request,
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which is transferred from the storage system 101 via the disk
interface 107 of the storage controller 121, as well as an LBA
designating the storage point, and write data.

At this time, the disk interface 207, which has received the
write request, notifies the processor 203 that the write request
has been received. This notification may be an interrupt noti-
fication to the processor 207 by the disk interface 207. In
addition, instead of the disk interface 207 notitying the pro-
cessor 203 that the write request has been received, the pro-
cessor 207 may monitor the disk interfaces 107 at regular
intervals to detect that a data write request has been received
by the disk interface 207.

if notification is received from the disk interface 107 or the
disk interface 107 receives a data write request, the processor
203 acquires the size of the write data and the LBA designat-
ing the write target from the disk interface 207 and reserves
the write data storage area in the data buffer 206. Thereafter,
the processor 203 designates the write data storage area of the
data bufter 206 and instructs the disk interface 207 to perform
the write data transfer. The disk interface 207 which receives
the instruction from the processor 203 transfers the write data
received from the higher level device to the write data storage
area in the data buffer 206 indicated by the processor 203.

In the subsequent step S902, the processor 203 searches for
the corresponding LBA group from the item LBA group
address 601 in the address conversion management informa-
tion 600 shown in FIG. 6 based on the acquired LBA and
acquires registration information of the PBA group address
602 assigned to the LBA group.

If the registration value of the PBA group address 602
indicates a significant PBA group, that is, if the address cor-
responding to the address registered in the item LBA group
address 601 is registered in the item PBA group address 602,
since data is already stored on the physical page which is to
serve as the write target, the processor 203 specifies the
request-target PBA group from the acquired information for
an update write and converts the LBA to a PBA. Here, the
processor 203 specifically calculates the PBA by finding an
LBA relative address in the LBA group from the difference
between the LBA and the start address of the corresponding
LBA group, and then adding the start address of the PBA
group to the LBA relative address.

Meanwhile, if the registered value of the PBA address 602
is unassigned, the processor 203 reserves an unwritten PBA
group for a new write, acquires the start address of the
reserved PBA group and converts the LBA assigned to the
LBA group into PBA.

In step S903, the processor 203 discriminates new writes
and update writes. [f a new write is determined in the preced-
ing step 902, the processing advances to step S904. If, on the
other hand, an update write is determined in preceding step
8902, the processing advances to the update write flow.

In step 904, the processor 203 reserves, as processing to
compress the write data, a compressed data storage area of the
same size as the reception data storage area reserved in S901
in the data buffer 206.

The processor 203 then designates the start address and
area size of the write data storage area storing the write data
and the start address of the compressed data storage area in
S901 in the data buffer 206 in the data compress/decompress
unit 205, and issues a compression instruction.

After receiving the instruction, the data compress/decom-
press unit 205 reads data in an amount equal to the area size
from the start address of the write data storage area designated
in the data buffer 206 and performs data compression on the
read data. Thereafter, the data compress/decompress unit 205
writes the compressed data generated by the compression in
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the compressed data size from the start address of the com-
pressed data storage area designated in the data bufter 206
and notifies the processor 203 of the data size of the com-
pressed data.

In step S905 which follows, the processor 203 calculates
the compression effect. According to the present embodi-
ment, the system administrator is able to optionally select the
desired compression effect via the management screen 1550
shown in FIG. 15 and the compression effect can be selected
in physical page size units which are the minimum write units
of the flash memories 209 to 217.

In S905, the processor 203 calculates the number of pages
(number of compressed-data storage pages) required for stor-
age from the compressed-data data size indicated by the data
compress/decompress unit 205 in step 905. The processor
203 then calculates the number of pages required for storage
(the number of uncompressed data storage pages) from the
write-data data size received from the higher-level storage
controller 121. Here, the processor 203 finally calculates the
difference between the number of compressed-data storage
pages and the number of uncompressed-data storage pages
and takes this difference as the compression effect.

in step S906, the processor 203 determines, based on the
compression effect calculated in the preceding step S905,
which of the compressed data and uncompressed data of the
flash memory 209 is to be written to the flash memory 209.

Here, if the compression effect acquired in S905 is greater
than a designated value (the designated number of pages)
designated by the system administrator via the management
screen 1550 shown in FIG. 15, the processor 203 moves to
step S907 and writes the compressed data to the base area 720
of the corresponding PBA group.

In specific terms, the processor 203 designates the data size
of the compressed data and the start address of the com-
pressed-data storage area in the data buffer 206 for the flash
memory interface 208, designates the start address of the PBA
group as the PBA, and instructs a data write to the flash
memory 209. Thus instructed by the processor 203, the flash
memory interface 208 calculates the flash memory number,
the physical block number, and the physical page number
from the designated PBA and data size and specifies all the
physical pages which are write targets.

Subsequently, the flash memory interface 208 reads data
from the compressed-data storage area of the data buffer 206
and then writes compressed data to all the write target pages.

On the other hand, if the compression effect acquired in
S905 is smaller than the designated value, the processor 203
discards the compressed data generated in S904, and releases
a compressed data storage area in the data buffer 206, and
then moves to step S908 and writes uncompressed write data
to the PBA group base areas.

In specific terms, the processor 203 designates, in the flash
memory interface 208, the start address of the write data
storage area in the data buffer 206 (write data storage area
which stores data from the disk interface 207 in S901) and the
write-data data size, designates the start address of the PBA
group as the PBA, and instructs a data write to the flash
memory 209.

Thus instructed by the processor 203, the flash memory
interface 208 calculates the flash memory number, the physi-
cal block number, and the physical page number from the
designated PBA and data size and specifies all the physical
pages which are write targets.

Subsequently, the flash memory interface 208 reads data
from the reception data storage area of the data buffer 206 and
then writes uncompressed write data to all the write target

pages.
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Instep S909, at the end of the write operation, the processor
203 updates the address conversion management information
600 after writing compressed data (S907) or writing uncom-
pressed data (S908) in the flash memory 209.

In the case of compressed data writing, the processor 203
registers the start address of the PBA group assigned to the
item PBA 602 of the LBA group in the address conversion
management information 600, registers the address of the
next page of the pages storing the compressed data in each of
the items update area start address 603 and next-write address
604, and sets a compression flag 605. At this time, since the
stored data is cut from the LBA group size, if the compression
effect is adequate, the value of the update area start address
(page number) is small in comparison with the uncompressed
PBA group storing the same volume of data, and the number
of physical pages assigned to the update area 730 can be
increased.

On the other hand, in the case of uncompressed data writ-
ing, the processor 203 registers the start address of a newly
assigned PBA group to the item PBA group address 602 ofthe
LBA group in the address conversion management informa-
tion 600, registers the address of the next page of the pages
storing the data in each of the items update area start address
603 and next-write address 604, and clears the compression
flag 605.

The description thus far has included new write operations
to which a compression feasibility determination for the com-
pression effect of the flash module 110 is applied. An update
write operation when an update write is determined in step
S903 will be described next using FIG. 10.

An update write according to the present embodiment does
not entail writing to base area pages indicated by PBAs
assigned to LBAs or to compressed-data base area pages but
instead re-converting PBAs and writing data to update areas.

More specifically, data which is stored on update-source
base area pages or compressed-data base area pages is read to
the data buffer 206, overwriting of the write data is executed
on the data buffer 206, and update data of the physical page
size is created. Thereafter, the created update data is written to
the update area page of the PBA group in the flash memory by
the flash memory interface 208.

Here, for a data update to the compressed-data base area,
processing must be performed to read the compressed base
area to the data buffer 206, decompress the data on the data
buffer 206, and acquire data stored on the compressed-data
base area pages. This processing will be described in detail
hereinbelow.

Step S910 is a step in which a search for physical pages for
writing an update write is performed. In step S910, the pro-
cessor 203 refers to the address conversion management
information 600 and acquires a registered value of the item
next-write address 604 of the LBA group to which the LBA
pertains. When the acquired next-write address indicates that
the update area 730 is exhausted, that is, if the acquired
next-write address is the last page of the update areas 430 and
730, because unwritten area does not exist in the update areas
43- and 730, the address processor 203 advances to a recla-
mation operation in order to newly reserve the update areas
430 and 730.

Meanwhile, if the acquired address is not the address of the
last page of the update area 730, the processor 203 determines
that an update write can be made to the update area page
indicated by the acquired address, and moves to step S911.

In step S911, it is examined whether the target destination
PBA group for performing the data update is a compressed
PBA group. In specific terms, the processor 203 refers to the
address conversion management information 600 and
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acquires a registered value of the item compression flag 605
of'the LBA group to which the LBA pertains. If the acquired
value is 1, this signifies that the update write is to a com-
pressed PBA group and the processor 203 moves to the next
step S912.

If, on the other hand, the acquired value is 0, this signifies
that the update write is to an uncompressed PBA group and
the processor 203 moves to the next step S913.

In step S912, at the time of the data update to the com-
pressed PBA group, the processor 203 reads the compressed
base area 720 and decompresses the read data in order to
update the page in the compressed-data base area.

More specifically, the processor 203 first reserves an area
(hereinafter also referred to as the compressed data storage
area) for storing data of the compressed base area 720, and an
area for storing decompressed data (hereinafter also referred
to as the decompressed data storage area), in the data buffer
206.

The processor 203 subsequently instructs the flash memory
interface 208 to perform reading by designating the PBA
group start address as a PBA and designating the data size of
the compressed data and the start address of the compressed-
data storage area in the data buffer. Thus instructed by the
processor 203, the flash memory interface 208 calculates the
flash memory number, the physical block number, and the
physical page number from the designated PBA, reads the
compressed data stored in the compressed base area, and
writes the compressed data thus read to the compressed-data
storage area in the data buffer 206.

The processor 203 then instructs the compress/decompress
unit 205 to perform decompression by designating the start
address and area size of the compressed-data storage area and
the start address of the decompressed data storage area in the
data buffer 206. After receiving the instruction, the data com-
press/decompress unit 205 reads data in an amount equal to
the area size from the start address of the compressed base
data storage area designated in the data buffer 206 and per-
forms data decompression on the read data. Thereafter, the
data compress/decompress unit 206 writes the decompressed
data generated by the decompression in the decompressed
data size from the start address of the decompressed data
storage area designated in the data buffer 206 and notifies the
processor 203 of the data size of the decompressed data.

The processor 203 then calculates the address for storing
an update target page from the start address of the decom-
pressed data storage area.

In 8913, when a data update is made to an uncompressed
PBA group, data of the base area page storing the previous
update-source data is read in order to update the base area
page.

More specifically, the processor 203 first reserves the pre-
vious data storage area in the data buffer 206. The processor
203 subsequently instructs the flash memory interface 208 to
perform reading by designating the PBA group start address
as a PBA and designating the data size of the base area and the
start address of the previous-data storage area in the data
buffer 206. Thus instructed by the processor 203, the flash
memory interface 208 calculates the flash memory number,
the physical block number, and the physical page number
from the designated PBA and specifies the physical pages
which are update write targets.

Subsequently, the flash memory interface 208 reads the
previous data stored in the base area page and writes the data
in the previous data storage area of the data buffer 206.

In S914, the partial data which is required for the previous
data of the update target page is updated and page-unit update
data which is written to the flash memory is generated.
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More specifically, the processor 203 reserves a storage area
for the update data in the data buffer 206. Subsequently, in
step S912 or step 913, by overwriting the update source data
read from the flash memory 209 with received data from the
storage controller 121 which was stored in S901, the proces-
sor 203 generates update data and writes the generated update
data to the update data storage area in the data buffer 206.

In the next step S915, the update data generated in the
preceding step S914 is written to the flash memory 209.

More specifically, the processor 203 instructs the flash
memory interface 208 to perform writing by designating the
registration address of the next page address item in the PRA
group as a PBA and designating the update data size and the
start address of the update data storage area in the data buffer.
Thus instructed by the processor 203, the flash memory inter-
face 208 calculates the flash memory number, the physical
block number, and the physical page number from the desig-
nated PBA and specifies the update area pages which are
write targets.

Subsequently, the flash memory interface 208 reads update
data from the update data storage area in the data buffer 206
and then writes the update data thus read to the specified
update area pages.

In step S916, the access conversion management informa-
tion 600 is updated after data writing to the flash memories
209 to 217.

More specifically, the processor 201 registers the next-
write address 604, of the address conversion management
information 600 in the LBA group to which the LBA pertains,
in the PBA representing the next page of the pages written
with update data in the preceding step S915. Note that if the
page written with the update data in S915 is the last page of
the PBA group, a value indicating that the update area pages
are exhausted is registered.

In step S917, the address of the base area 720 or the com-
pressed-data base area which are the update source pages is
registered in the item update source address 802 which cor-
responds to the update area page written with update data in
S915 in the update area management information 800.

The update write operation was explained hereinabove and
the write operation for the first embodiment was described.
Note that according to the present embodiment a write
completion response to the storage controller 121 which is the
write request source may be performed after the write data
storage to the data buffer reception data storage area of S901
ends or after the series of write operations to the flash memory
209 as per S909 and S917 ends.

The read operation of the flash module will be described
next. In the read operation according to the present embodi-
ment, if the request-target data is stored on a compressed-data
base area page, all the compressed data is read from the flash
memory 209 to the data buffer 296 and after being decom-
pressed in the data buffer 206, the data of the pages assigned
to the LBA is transferred to the request-source storage con-
troller 121.

If, on the other hand, the request-target data is stored in an
uncompressed base area or update area, only the requested
page is read to the data buffer 206 from the flash memory 209
and transferred to the request-source storage controller 121.

FIG. 11 is a flowchart of a read operation according to the
first embodiment. The read operation of the flash module 110
will be explained using FIG. 11.

In the very first step S1101 of the read operation, the disk
interface 207 of the flash module 110 receives a read request,
which is transferred from the storage system 101 via the disk
interface 107 of the storage controller 121, as well as an LBA
designating the storage point.
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At this time, the disk interface 207, which has received the
write request, notifies the processor 203 that the read request
has been received. This notification may be an interrupt noti-
fication to the processor 207 by the disk interface 207. In
addition, instead of being alerted by this notification, the
processor 207 may detect the reception of read requests by the
disk interface 207 by monitoring the disk interface 107 at
regular intervals.

If notification is received from the disk interface 107 or it is
detected that the disk interface 107 has received a read
request, the processor 203 acquires detailed information such
as the read data amount and LBA of the read request from the
disk interface 207.

In the subsequent step S1102, the processor 203 searches
for the corresponding LBA group from the LBA group item
601 in the address conversion management information 600
shown in FIG. 6 based on the acquired LBA, acquires regis-
tration information of the PBA group item 602 of the LBA,
specifies the read-target PBA group from the acquired infor-
mation and converts the LBA into a PBA.

In the next step S1103, the processor 203 refers to the
update area management information 800 on the PBA group
acquired in the preceding step S1102 and examines whether
the base area page designated by the PBA has been updated.

More specifically, the processor 203 calculates the address
of the base area page or compressed-data base arca page
designated by the PBA from the difference between the PBA
and the start address of the PBA group.

The processor 203 then searches the item update source
address 802 of the update area management information 800
to determine whether the calculated page number has been
registered. Here, if the calculated address has been registered
in the update area management information 800, the proces-
sor 203 discriminates the read target as the update area page,
however if the calculated address has not been registered in
the update area management information 800, the read target
discriminates the read target to be a base area page or com-
pressed-data base area page.

In step S1104 which follows, if the read target page was
stored in the update area in the preceding step S1103, the
processor 203 changes the read target PBA to the update area
page PBA and advances to the processing of step S1106.
However, if the read target page, was not stored in the update
area in step S1103, the processor 203 advances to the pro-
cessing of step S1105.

In step S1105, it is examined whether the read target PBA
group is a compressed PBA group or an uncompressed PBA
group.

In specific terms, the processor 203 refers to the address
conversion management information 600 and acquires a reg-
istered value of the item compression flag 605 of the LBA
group to which the LBA pertains. If the acquired value is 1,
the processor 203 determines that the read target PBA group
is a compressed PBA group and advances to the processing of
step S1107, but if the acquired value is 0, the read target PBA
group is read as an uncompressed PBA group and the proces-
sor 203 advances to the processing of step S1106.

In step S1106, the processor 203 reads the physical page
for which a PBA is designated from the flash memory 209.

More specifically, the processor 203 reserves a temporary
storage area for the data read from the flash memory 209 in
the data buffer 206.

The processor 203 subsequently instructs the flash memory
interface 208 to perform reading by designating the PBA
designating the read target page and the start address of a
temporary data storage area in the data buffer 206 (a tempo-
rary storage area for temporarily storing data which is read



US 9,063,663 B2

21

from the flash memory 209). Thus instructed by the processor
203, the flash memory interface 208 calculates the flash
memory number, the physical block number, and the physical
page number from the designated PBA and specifics the
physical page which is the read target.

The flash memory interface 208 subsequently reads the
data stored on the read-target physical page and writes the
data thus read to the temporary storage area in the data buffer
206.

In step S1107, at the time of reading data from the com-
pressed PBA group, the processor 203 reads the compressed
base area and decompresses the read data in order to read the
page in the compressed-data base area.

More specifically, the processor 203 reserves an area (here-
inafter referred to as the compressed data storage area) for
storing the data read from the compressed base area in the
data buffer 206, and reserves an area for storing decom-
pressed data (hereinafter referred to as the decompressed data
storage area).

The processor 203 subsequently instructs the flash memory
interface 208 to perform reading by designating the PBA
group start address as a PBA and designating the data size of
the compressed data and the start address of the compressed-
data storage area in the data buffer. Thus instructed by the
processor 203, the flash memory interface 208 calculates the
flash memory number, the physical block number, and the
physical page number from the designated PBA, reads the
data stored in the compressed base area of the flash memory
209, and writes the data thus read to the compressed-data
storage area in the data buffer 206.

The processor 203 then instructs the compress/decompress
unit 205 to perform decompression by designating the start
address and area size of the compressed-data storage area and
the start address of the decompressed data storage area, in the
data bufter 206. After receiving the instruction, the compress/
decompress unit 205 reads data in an amount equal to the area
size from the start address of the compressed data storage area
in the data buffer 206 and performs data decompression on
the compressed base area.

Thereafter, the data compress/decompress unit 206 writes
the compressed data in an amount equal to the size of the data
generated by the decompression from the start address of the
decompressed data storage area designated in the data buffer
206, and notifies the processor 206 of the data size of the
decompressed data. The processor 207 then calculates the
address for storing a read target page from the start address of
the decompressed data storage area.

In S1108, the processor 207 transfers the data which was
read from the flash memory 209 in S1106 and S1107 to the
read request source storage controller 121.

More specifically, the processor 203 instructs the disk
interface 207 of the flash memory controller 201 to perform a
data transfer by designating the address of the read request
target data in the temporary storage area or decompressed
data storage area in the data buffer 206. Thus instructed by the
processor 203, the disk interface 207 reads the data from the
data buffer 206 and transfers the data thus read to the storage
controller 121.

In S1109, which is the final step in the read operation, the
disk interface 207 adds the number of physical pages thus
read to the value of the read count item 606 of the LBA group
to which the LBA pertains, in the address conversion man-
agement information 600 shown in FIG. 6, and updates the
address conversion management information 600.

The read operation according to the first embodiment was
described hereinabove. As a result of the read operation
according to the present embodiment, the higher-level stor-
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age controller 121 is able to acquire data simply by designat-
ing the LBA and without regard for the data storage method
i.e. compression or decompression in the flash memory mod-
ule.

According to the present invention, the number of times the
physical blocks belonging to the flash memory are erase
targets can be reduced in order to provide the device with a
longer operating life.

Example 2

A flash module according to a second embodiment ample
2) will be explained next. The second embodiment is the same
as the first embodiment with regard to the address conversion
management information (LBA/PBA conversion manage-
ment information) 600, the update area management infor-
mation 800, and the read/write operation of the flash module
110 and therefore an explanation of these elements is not
included here.

In the second embodiment, data compression is performed
in the event of data compression during a data write according
to the first embodiment, but also for a reclamation operation
and refresh operation. In addition, the read frequencies of the
PBA group to be compressed during data compression is
referred to and only those PBA groups with a low read fre-
quency are compressed.

According to the second embodiment, the data with a high
read frequency is stored in the flash memory in an uncom-
pressed form, and a performance drop which is inevitably
produced by the overhead of decompression processing when
compressed data is read can be avoided. Furthermore, by
referring to the read frequency in order to determine, in the
event of a reclamation or refresh operation, whether or not
compression will be effective, even data which has been
stored in a previous compressed PBA group is changed to an
uncompressed PBA group and stored, unless the read fre-
quency is high for a fixed period. By changing the compres-
sion and non-compression of PBA groups dynamically
according to the read frequency, a drop in device performance
can be reduced by only storing the data with a low read
frequency in a compressed form.

Hence, according to the second embodiment, as well as
being able to prolong the operating life of the flash module
110 as per the first embodiment described hereinabove, it is
also possible to reduce a drop in the device performance
which is generated by the aforementioned overhead due to
data compress/decompress computation.

An overview of a reclamation operation according to the
present embodiment will be described hereinbelow using
FIG. 12.

When the update area 1230 in a PBA group is exhausted,
the PBA group includes pages 1203, 1204, 1206, and
1207, . . . (hereinafter called valid pages) which are indicated
by the PBA associated with the LBA, and pages 1201, 1202,
1205, . . . (hereinafter called invalid pages) which are indi-
cated by the PBA whose correspondence with an LBA has
been canceled by a data update. At this time, the update data
stored in the valid pages 1206 and 1207 in the update area
1230 is copied to the data of the base area 1220, the data of
valid pages 1211 to 1214 which are all valid is newly created,
and the data of the valid pages 1211 to 1214 is written to a
base area 1240 of the new PBA group. An update area 1250
which comprises unwritten pages 1215 to 1217 can be
reserved once again in the re-constructed PBA group. This
operation is called a reclamation operation.

A new PBA group which is written to by a reclamation
operation may be the same PBA group that was once erased or
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alternatively writing may be to a different PBA group and the
address conversion management information 600 shown in
FIG. 6 may be changed so that the written PBA group is
associated with a new LBA group.

A reclamation operation is triggered when the processor
203 refers to the registration value of the next-write address
604 of the address conversion management information 600
shown in FIG. 6 and the registration value indicates that the
update area is exhausted.

The importance of a reclamation operation and an opera-
tion overview will be described next.

The flash memories 209 to 217 record data as a result of
electrons being applied to and retained by a floating gate
which is isolated by an oxidized insulation film. However, it
is known that, as time elapses, electrons gradually drain from
the oxidized insulation film and the recorded data is ulti-
mately lost, and the data protection term of the flash memo-
ries 209 to 217 is limited.

Therefore, in a semiconductor storage device requiring
long-term data protection, the same data can be saved for a
long time by writing the data to the flash memory and then
rewriting data that has been stored for a definite period by
means of a refresh operation.

A refresh operation is essentially the same operation as the
aforementioned reclamation operation. However, whereas a
reclamation operation targets PBA groups with exhausted
update areas, a refresh operation targets PBA groups for
which a definite period has elapsed since data was stored.
Hence PBA groups with a stochastically low update fre-
quency which have not been subjected to a reclamation opera-
tion for a definite period are refresh operation targets.

For this reason, in compression which is triggered by a
refresh operation, PBA groups with a low update frequency
are in principle selected and targeted for compression. By
compressing data with a low update frequency, the frequency
with which a performance drop occurs as a result of the
overhead from the reading and decompression of compressed
data at the time of an update can be reduced.

The writing of a refresh operation according to the present
embodiment may also be to the same PBA group that was
once erased or alternatively writing may be to a different PBA
group and the address conversion management information
600 may be changed so that the written PBA group is asso-
ciated with a new LBA group.

In the second embodiment, erase management information
1300, which is shown in FIG. 13, is used during the protection
term in order to determine the trigger for the refresh opera-
tion.

FIG. 13 shows the configuration of erase management
information according to the present embodiment. As shown
in FIG. 13, the erase management information 1300 includes
atleast such items as a PBA group start address 1301, anerase
count 1302, and a previous erase date and time 1303, and
information of each of these items is registered for each PBA
group. Furthermore, the erase management information 1300
is stored in the RAM 204 in the flash memory controller 201
in FIG. 2 and is referred to and updated by the processor 203.

The PBA group address 1301 is an item which records the
start addresses of all the PBA groups 511 to 515 shown in
FIG. 5.

The erase count 1302 is an item for recording the cumula-
tive number of erases for each PBA group. PBA groups with
an erase count which is equal to or more than a fixed value are
determined as being wholly unreliable in their data retention
capability and are invalidated. Note that when the flash mod-
ule 110 has a certain amount of invalid PBA groups or more,
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it is determined that the operating life of the flash module 110
is over and is rendered inaccessible.

The previous erase date and time 1303 records the closest
date and time when physical blocks associated with each of
the PBA groups 511 to 515 are erased. The processor 203
regularly acquires the registration values of the previous erase
date and time 1303 for each of the PBA groups 511 to 515 and
starts a refresh operation to PBA groups for which a time
interval equal to or more than a prescribed value has elapsed
since the previous erase time. Prescribed values for refresh
intervals are typically prescribed by flash memory vendors.

Thus far an overview of the reclamation and refresh opera-
tions according to the second embodiment which are per-
formed in LBA and PBA group units has been provided
together when an explanation of the triggers for these opera-
tions. The reclamation operation and refresh operation to
which the present embodiment is applied will be described in
detail hereinbelow using FIG. 14.

In step S1401, which is the first step of the reclamation and
refresh operations, the target PBA group on which a reclama-
tion or refresh operation is to be performed is examined to
distinguish the PBA group as a compressed PBA group or an
uncompressed PBA group.

In specific terms, the processor 203 acquires a registration
value of the item compression flag 605 of the LBA group in
the address conversion management information 600. If the
acquired value is 1, the processor 203 determines that the
target PBA group is acompressed PBA group and advances to
the processing of step S1402, but if the acquired value is 0, the
target PBA group is determined to be an uncompressed PBA
group and the processor 203 advances to the processing of
step S1406.

When it is determined in step 1402 that the target PBA
group of the reclamation or refresh operation is a compressed
PBA group, the data in the compressed base area is read from
the flash memory 209 and decompressed in order to read valid
page data of the compressed-data base area. The specific
operation is the same as step S1107 in FIG. 11 and will not be
described here.

In step S1403 which follows S1402, valid pages are
acquired from the compressed-data base area which was read
from the flash memory 209 and decompressed in the preced-
ing step S1402.

More specifically, the processor 203 refers to the update
area management information 800 of the target PBA group,
acquires, as valid pages, all the compressed-data base area
pages for which the start address has not been registered as the
update source address 802 and, after acquiring these pages,
advances to the next step S1404.

In step S1404 which follows S1403, the valid pages of the
update area are read from the flash memory 209.

More specifically, the processor 203 refers to the update
area management information 800 of the target PBA group,
examines all the pages in order, starting with the update area
page for which the update area address 801 is largest, and
reads the valid pages. The details of this operation are sub-
stantially the same as step S1106 in FIG. 11 and will therefore
not be described here.

In step S1405 which follows S1404, the processor 203
integrates the valid pages of the compressed-data base area
and update area, which were acquired in each of the steps
S1403 and S1404, in the data buffer 206 in the order of the
PBA addresses in the PBA groups, and generates the latest
base area data of the same size as the base area.

When it is determined in step S1406 that the target PBA
group of the reclamation or refresh operation is an uncom-
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pressed PBA group, the valid page data of the base area is read
and therefore the base area is read from the flash memory.

More specifically, the processor 203 refers to the update
area management information 800 of the target PBA group,
reads, as valid pages, all the base area pages for which the start
address has not been registered as the update source address
802 and, after reading these pages, advances to the next step
S1406.

In step S1407 which follows S1406, the valid pages of the
update area are read from the flash memory 209. The opera-
tion is essentially the same as S1404 and will not be described
here.

In step S1408 which follows S1407, the processor 203
integrates the valid pages of the base area and update area,
which were acquired in each of the steps S1406 and S1407, in
the data buffer 206 in the order of the PBA addresses in the
PBA groups, and generates the latest base area data.

In step S1409, the processor 203 examines the read fre-
quency of the target PBA groups of the reclamation or refresh
operation, and carries out a reclamation or refresh operation
without performing compression for the LBA groups with a
high read frequency. In addition, for LBA groups with a low
read frequency, the processor 203 executes compression pro-
cessing, and carries out a reclamation or refresh operation.

As a result of step S1409, the flash module 110 is able to
avoid compressing data with a high read frequency and
thereby reduce the drop in device performance which occurs
due to the decompression processing overhead generated
when referring to compressed data.

The specific operation in step S1409 will be described
hereinbelow. The processor 203 refers to the read counts 606
in the address conversion management information 600 of
FIG. 6 and acquires the read count registered for the LBA
group which is a reclamation or refresh target. If the acquired
read count is numerically smaller than a designated value, the
processor 203 determines that the PBA group is a PBA group
with a low read frequency, and advances to the processing of
the next step S1410 in order to perform compression.

On the other hand, if the read count is numerically larger
than the designated value, the processor 203 determines that
the PBA group is a PBA group with ahigh read frequency, and
advances to the processing of the next step S1414 in order to
write the data as uncompressed data.

The operation in each of the steps S1410 to S1415 shown in
FIG. 14 is the same as that of S904 to S909 shown in FIG. 9.
However, whereas write data is a compression target in each
of the steps of S904 to S909, in each of the steps S1410 to
S1415, new base area data generated in S1408 or S1405 is
taken as the compression target. Since a description of the
specific operation would only differ with regard to the com-
pression target, a description is not included.

As a result of the processing of each of the above steps,
according to the present invention, compression of the stored
data is triggered by a reclamation operation or refresh opera-
tion.

Management of the compression conditions is performed
as a result of the system administrator operating the manage-
ment console 104. The management console 104 monitors the
information in the flash module 110 at regular intervals via
the storage controller 121 and controls the flash module 110
by transferring information such as commands.

FIG. 15 is an example of a management screen which is
displayed on the management console 104. The management
screen 1550 shown in FIG. 15 comprises, as entry items that
the system administrator configures for each .U, a compres-
sion configuration 1501, a compression level 1502, a com-
pression effect 1503, a read frequency 1504, a write 1505,
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reclamation 1506, and refresh 1507, as well as a compression
area 1511 which displays the status of each LU, and a com-
pressed area referral rate 1512. When the system administra-
tor configures each LU, compression processing is performed
in each case according to the LU configuration for the PBA
assigned to the LBA in the LU.

The compression configuration 1501 is an entry item for
configuring whether compression is necessary for each LU;
compression is not performed for LUs which are configured
as normal. In addition, L.Us configured for compression are
subjected to compression according to the conditions of the
other entry items 1502 to 1506.

Typically,  compression/decompression  processing
requires a certain calculation time, and referring to the com-
pressed data takes longer than referring to uncompressed
data, and performance drops. Using these items, device per-
formance can be flexibly configured for each LU depending
on the demands of the system administrator so that LUs
requiring high performance are uncompressed and LUs not
requiring high performance are compressed.

The assignment of each of the LUs and LBA groups is
designated by the storage system 101 and the flash module
110 manages this assignment of designated LLUs and LBA
groups and performs each of the compression operations at
the time of a write, reclamation or refresh only for those LBA
groups which are assigned to the LU configured for compres-
sion.

Furthermore, although not shown in FIG. 15 for the sake of
simplicity, various compression-related configurations like
those for the LU can also be made for each flash module,
independently from the LU configurations.

The compression level 1502 is an entry item for configur-
ing the strength of data compression for [LUs for which the
compression configuration 1501 is configured as compres-
sion.

More specifically, optimization processes for compression
algorithms and data compression are configured. Compres-
sion algorithms include a compression algorithm for a high
compression rate but long computation time and a compres-
sion algorithm for a low compression rate but short compu-
tation time. Even with an identical compression algorithm,
the compression rate and the time required for the compres-
sion/decompression calculation varies depending on the
arithmetic units and so on configured. For L.Us for which this
item is configured as High, an algorithm or compression
calculation with a long calculation time but high compression
rate is configured.

On the other hand, for LUs for which this item is config-
ured as Low, an algorithm or compression calculation with a
short calculation time but low compression rate is configured.
Note that instead of the configuration items High and Low,
other possible configurations include the designation of the
algorithm installed in the compress/decompress units 205 and
a search range in the compression calculation and so on. The
system administrator is able to use these items to flexibly
configure a balance between device performance and the
device operating life.

The compression effect 1503 is an entry item for configur-
ing a condition for determining whether compression is
required for each of the data in the L.Us for the [.Us for which
the compression configuration 1501 is configured as Com-
pression. More specifically, this item is employed as the com-
pression requirement determination condition for step S906
shown in the flowchart of FIG. 9 and step S1412 shown in the
flowchart of FIG. 14.

The system administrator is able to use these items to avoid
data compression which has a low eftect, control the propor-
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tion of compressed areas, and flexibly configure a balance
between device performance and the device operating life.
Note that if the set value is zero page, even update area
expansion is infeasible because the compression effect
becomes less, it is possible to have a prolonged device oper-
ating life which is achieved by embedding suitable data in a
unwritten area created by the data compression.

The read frequency 1504 is an entry item for configuring
conditions for PBA groups which are compression targets in
LUs whose compression configuration 1501 is Compression
and whose reclamation 1504 or refresh configuration 1505 is
configured as ON. More specifically, this item is employed as
the compression requirement determination condition in step
S1409 of FIG. 14. Using these items, compression of PBA
groups with a high read frequency can be avoided, a drop in
device performance which is produced by decompression
processing during reading can be reduced, and the balance
between device performance and operating life desired by the
system administrator can be flexibly configured.

The write 1505 is an entry item for configuring the require-
ment for compression as triggered by a write operation in LUs
for which the compression configuration 1501 is configured
as Compression. LUs for which write 1505 is configured as
ON execute the compression write flow shown in FIG. 9, for
example, in which data compression is performed during
writing.

However, LUs for which write 1505 is configured as OFF
always perform an uncompressed write operation, with data
compression not being triggered by write operations. Using
this item, the system administrator is able to configure
whether compression is triggered by a write operation and, by
invalidating write-triggered compression, adopt a configura-
tion which prioritizes write performance.

The reclamation 1506 is an entry item for configuring the
requirement for compression as triggered by a reclamation
operation [LUs for which the compression configuration 1501
is configured as Compression. [LUs for which the reclamation
1506 are configured as ON execute the reclamation operation
shown in FIG. 14.

On the other hand, LUs for which the reclamation 1506 is
configured as OFF always perform an uncompressed recla-
mation operation, with compression triggered by reclamation
not being performed.

The refresh 1507 is an entry item for configuring the
requirement for compression as triggered by a refresh opera-
tion in LUs for which the compression configuration 1501 is
configured as Compression. [LUs for which the refresh 1507 is
configured as ON execute the refresh operation shown in FIG.
15.

On the other hand, LUs for which the refresh 1507 is
configured as OFF always perform an uncompressed refresh
operation, with compression triggered by a refresh not being
performed.

Thus far, entry items for compression configuration which
are configurable by the system administrator have been
described. Display items for compression-related device
states will be described next.

The compression area 1511 is a display item which shows
the ratio of compressed areas to the total LU area foreach LU.

More specifically, the processor 203 refers to the address
conversion management information (LBA/PBA manage-
ment information) 600 and acquires by way of calculation the
percentage of the number of compressed PBA groups among
all the PBA groups. As a result of these display items, the
system administrator is able to find out the percentage of the
compressed area in the LU, according to the aforementioned
entry items 1501 to 1507.
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The compressed area referral rate 1512 is a display item for
displaying the access frequency to compressed data for LUs
for which the compression configuration 1501 is configured
as Compression.

More specifically, the processor 203 refers to the address
conversion management information (LBA/PBA manage-
ment information) 600 and, by referring to the read count 606
after specifying the compressed PBA group, acquires by way
of calculation the percentage of the number of reads to the
compressed PBA groups with respect to the number of reads
to all the PBA groups. As a result of these display items, the
system administrator is able to find out the rate of referral to
the compressed data in the LU, according to the aforemen-
tioned entry items 1501 to 1507, and indirectly identify the
effect on device performance.

The device operating life 1521 is an area indicating the
remaining device operating life as acquired from the flash
module 110. The device operating life is calculated from the
remaining number of times that the flash memories 209 to 217
can be erased and the amount of write data in a definite period.
Using these items, the system administrator is able to identify
a flash module 110 with a short operating life, for example,
perform configuration to increase the data compression area
of the flash module 110 and so forth, and thus extend the
device operating life.

The message display area 1522 is an area which displays
information acquired from the flash module 110 such as, for
example, the maximum number of erases of the physical
blocks 302, the distribution of the erase count, and the number
of physical blocks which cannot be used.

As explained thus far, the system administrator is able to
control the compression operation, while acquiring the status
of the flash module 110 using the management screen 1550
displayed on the management console 104, whereby a pro-
longed device operating life combined with a minimized drop
in device performance is achieved.

Example 3

In the first and second embodiments, the LBA and PBA are
managed separately with areas of a fixed size serving as the
LBA groups and areas of the physical block size serving as
PBA groups, and optional PBA groups are assigned to the
LBA groups However, in the third embodiment (Example 3),
an example is shown in which the physical page size units
which are the minimum read/write units of the flash memory
are managed separately as LBA Pages and PRA Pages,
optional PBA Pages are assigned to the LBA Pages, and data
compression is applied to this address conversion manage-
ment configuration.

The third embodiment is the same as the first embodiment
and second embodiment with regard to device configuration
and erase management information, therefore a description is
omitted.

FIG. 16 is a conceptual view which conceptually shows
correspondence between an LBA space and PBA space
according to the third embodiment.

As shown in FIG. 16, in the third embodiment, the LBA
space to which the storage controller 121 refers is managed by
being divided into physical page sizes as LBA pages 1601 to
1606. The LBA Pages are virtual areas obtained simply by
dividing the L.BA space into physical page sizes.

Furthermore, the PBA space is likewise managed by being
divided into physical page sizes as PBA Pages 1611 to 1616.
Physical pages of the same size are associated with the PBA
Pages 1611 to 1616.
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Information on chips with the initial number of the flash
memories 209 to 217 where the flash module 110 is installed
is associated with each of the PBA Pages 1611 to 1616 of the
PBA space. In other words, the PBA Pages 1611 to 1616 of
the PBA space are each associated with the PBA such that all
the pages of the flash memories 209 to 217 are consecutive in
the order of the physical page numbers, starting with the
leading physical page with the leading physical block number
of the flash memories 209 to 217. As a result of this associa-
tion, the flash memory numbers, physical block numbers, and
physical page numbers can be uniquely calculated from an
optional PBA.

Furthermore, the compressed data 1621 represents com-
pressed data which is stored on physical pages assigned to
PBA Page 1612 and PBA Page 1613, for example. The com-
pressed data 1621 is stored by batch-compressing data in an
amount corresponding to the plurality of physical pages 1631
to 1634, and this virtual page will be referred to hereinbelow
as the compressed data page. The compressed-data pages are
each assigned to an LBA and the L BAs referred to need not be
consecutive.

In the third embodiment, one PBA Page is assigned to an
LBA Page which refers to uncompressed data. A LBA Page
1604, which is shown in FIG. 16, indicates an LBA which
refers to uncompressed data and is assigned in a one-to-one
relationship to a PBA Page 1615 of equal size.

However, in the example shown in FIG. 16, a LBA Page
1601 indicates an LBA which refers to uncompressed data
and is assigned to compressed-data pages 1631 to 1634 in the
compressed data 1621 which is saved spanning from PBA
Page 1612 to PBA Page 1613.

In other words, an LBA which refers to uncompressed data
has an LBA Page and PBA Page assigned in a one-to-one
relationship and an LBA which refers to compressed data has
an LBA Page assigned to two or more PBA Pages.

Address conversion management information for manag-
ing the assignment of each of the LBA pages and PBA pages
shown in FIG. 16 will be described next using FIG. 17.

FIG. 17 is an example of address conversion management
information 1700 according to the third embodiment. The
address conversion management information 1700 shown in
FIG. 17 holds such items as an LBA Page address 1701, a
PBA Page address 1702, a compression flag 1703, a com-
pressed data length 1704, a compressed-data relative address
1705, and a read count 1706, and the information of each of
these items is registered for each LBA Page. Furthermore, the
address conversion management information 1700 is stored
in the RAM 204 in the flash memory controller 201 in FIG. 2
and is referred to and changed by the processor 203.

The LBA group address 1701 is an item which records the
start addresses of all the LBA Pages 1601 to 1606 shown in
FIG. 16. In FIG. 17, for example, 0x000008000, which is the
start address of LBA Page 1604, is registered in the item
corresponding to the LBA Page 1604 shown in FIG. 16.

The PBA Page address 1702 is an item for registering the
start address of the PBA Page assigned to each of the LBA
Pages. In addition, information which indicates non-assign-
ment is registered for LBA Pages to which PBA Pages have
not been assigned.

In FIG. 17, for example, 0x0000A000, which is the start
address of the assigned PBA Page 1615, is registered in the
item corresponding to the LBA Page 1604 shown in the
example of FIG. 16.

The compression flag 1703 is an item indicating that com-
pressed data has been assigned to the LBA Page. In FIG. 17,
forexample, 1 is registered in the item compression flag 1703,
which indicates that, of LBA Page 1601 and LBA Page 1603,

10

15

20

25

30

35

40

45

50

55

60

65

30

the compressed-data page in PBA Page 1613 is assigned to
LBA Page 1601 and the compressed-data page in PBA Page
1612 is assigned to LBA Page 1603.

On the other hand, an uncompressed PBA Page is assigned
to an LBA Page for which 0 is registered in the item compres-
sion flag 1703.

The compressed data length 1704 is an item for registering
the data length of assigned compressed data on an LBA Page
which has 1 registered in compression flag 1703 and to which
compressed data is assigned.

The compressed-data relative address 1705 is an item for
registering the relative address of the compressed data page
on an LBA Page which has 1 registered in compression flag
1703 and to which compressed data is assigned.

In FIG. 17, as an example, LBA Page 1601, which has 1
registered in the compression flag 1703, registers the relative
address of the compressed data page which is generated when
the compressed data 1621 stored on PBA Page 1602 is
decompressed. In this example, because 0x00006000 (Page
3) is registered as the compressed-data relative address 1704
of LBA Page 1601, this indicates that compressed data page
1633 has been assigned to LBA Page 1601.

Here, if compressed write data is stored on a PBA Page
which is a physical page, the processor 203 forms a virtual
physical page to which is assigned physical pages (com-
pressed data pages 1631 to 1634) for storing compressed
write data as data when the data is virtually decompressed,
changes the corresponding relationship between an LBA
Page and a PBA Page corresponding to the LBA Page into a
corresponding relationship between an LBA Page and a vir-
tual physical page and, in response to a subsequent access
request, processes physical pages (compressed data pages
1631 to 1634) which are assigned to the virtual physical page
as access destinations.

The read count 1706 is an item for recording the number of
reads to each LBA Page. The registration value of this item is
reset at optional intervals which can be configured by the
system administrator and incremented by one in each read
operation.

By referring to the address conversion management infor-
mation 1700 hitherto described, the processor 203 converts an
LBA received by the disk interface 207 into a PBA which is
used when the flash interface 208 calculates the write target.

A read/write operation according to the third embodiment
will be described next. First, a write operation will be
described using the flowchart shown in FIG. 19.

In the third embodiment, compression is performed in the
event of a write operation as per the first embodiment. How-
ever, instead of the fixed area units of the first embodiment,
the third embodiment manages the corresponding relation-
ships between the LBA and PBA in Page units. Hence, in the
first embodiment, the compression targets which are com-
bined into a single batch of compressed data are limited to
LBA groups with consecutive addresses hut in the third
embodiment, data with non-consecutive LBA can be com-
pressed to form a single hatch of compressed data.

In the third embodiment, a plurality of write data with
non-consecutive LBA are collected in a data buffer 206, the
collected data is compressed all at once and the compression
effect is determined.

In addition, the third embodiment differs from the first
embodiment and second embodiment and does not possess a
dedicated area which is written only during update writing
such as an update area.

In the first step S1801 of the write operation of the third
embodiment shown in FIG. 18, the disk interface 207 of the
flash module 110 receives a write request, which is trans-



US 9,063,663 B2

31

ferred from the storage system 101 via the disk interface 107
of the storage controller 121, as well as an LBA designating
the storage point, and write data. Here, when a plurality of
write requests arrive in a definite period, the disk interface
207 stores each of these write requests in the data buffer 206,
notifies the processor 203, and then advances to the next step
S1802. The specific operation is the same as step S901 shown
in FIG. 9 and is therefore omitted here.

In step S1802, the processor 203 investigates whether a
PBA Page has already been assigned to the LBA Page to
which the LBA received in S1801 pertains, and if a PBA Page
has already been assigned, the processor 203 processes the
following process flow for an update write, and if a PBA Page
has not been assigned, the processor 203 processes the fol-
lowing, process flow for a new write.

In specific terms, the processor 203 refers to the address
conversion management information shown in FIG. 17,
acquires the item value of the PBA Page address 1702 of the
LBA Page to which the LBA pertains, and if the acquired
value indicates a PBA Page, creates page size update data in
the data buffer 206 for an update write operation.

More specifically, the PBA Page assigned to the LBA Page
to which the LBA pertains is read from the flash memory 209
and the data thus read is written to the data buffer 206 as
previous data.

Subsequently, the processor 203 overwrites the previous
data with the update write data received in S1801, and creates
update write data for the PBA Page size. Note that here the
reading of previous data may target compressed data or may
target uncompressed data, but since this will be described in
detail in a subsequent read operation, this will be omitted
here.

In addition, if the acquired value indicates that a PBA Page
has not been assigned, the processor 203 advances to step
S1803 for a new write.

In step S1803, the processor 203 compresses a plurality of
write data for a new write or update write which is stored in
the data buffer all at once. More specifically, the processor
203 reserves a compressed data storage area in the data buffer
206.

The processor 203 then instructs the compress/decompress
unit 205 to perform decompression by designating the start
address and area size of all the reception-data storage areas
and the start address of the compressed data storage area, in
the data buffer 206.

After receiving the instruction, the data compress/decom-
press unit 205 reads data in an amount equal to the area size
from the start address of all the reception-data storage areas
designated in the data buffer 206 and performs data compres-
sion on the read data all at once.

Thereafter, the data compress/decompress unit 205 writes
the compressed data in an amount equal to the size of the
compressed data generated by the compression from the start
address of the compressed data storage area designated in the
data buffer 206, and notifies the processor 203 of the data size
of the written compressed data.

In step S1804 which follows, the processor 203 calculates
the compression effect. In S1804, the processor 203 calcu-
lates the number of pages (number of compressed-data stor-
age pages) required for storage from the compressed-data
data size reported by the compress/decompress unit 205 in
step S1801.

Thereafter, the processor 203 calculates the number of
pages that need to be stored (the number of uncompressed
data storage pages) from the data size of the plurality of
received data stored in the data buffer 206, and finally calcu-
lates the difference between the number of compressed data
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storage pages and the number of uncompressed data storage
pages, and takes this difference as the compression effect.

In step S1805, the processor 203 determines, based on the
compression effect calculated in the preceding step S1804,
which compressed data and uncompressed data of the flash
memory is to be written to the flash memories 209 to 217.

Thereupon, the processor 203 determines that there is a
compression effect if the compression effect acquired in
S1804 is numerically greater than the designated value (the
designated number of pages) designated by the system
administrator, and advances to step S1807. However, if the
compression effect acquired in S1804 is numerically smaller
than the designated value, the processor 203 determines that
there is no compression effect, discards the compressed data
generated in S1803, releases the compressed data storage area
in the data buffer 206, and then advances to step S1806.

In S1807, the processor 203 reserves PBA Pages in order to
store data for which a compression effect was discerned in
S1805.

More specifically, the processor 203 acquires a plurality of
consecutive and unassigned PBA Pages equivalent to an area
capable of storing the compressed data and advances to
S1809. Note that when the unassigned PBA Pages are
exhausted, the processor 203 performs a reclamation opera-
tion, which is described subsequently, and reserves unas-
signed PBA Pages.

In S1809, the processor 203 writes compressed data to the
plurality of consecutive PBA Pages acquired in the preceding
step S1807.

In specific terms, the processor 203 instructs the flash
memory interface 208 to perform writing to the flash memo-
ries 209 to 217 by designating the start address of the com-
pressed-data storage area storing compressed data in step
S1803 in the data storage area in the data buffer 206 and
designating the data size of the compressed data and the start
addresses of the PBA Pages reserved in S1807 as PBAs.

Thus instructed by the processor 203, the flash memory
interface 208 calculates the memory number, the physical
block number, and the physical page number from the desig-
nated PBA and specifies the physical pages which are write
targets from the calculation results.

Subsequently, the flash memory interface 208 reads data
from the compressed-data storage area of the data buffer 206
and then writes compressed data to the write target pages.

However, in step S1806, which the processor 203 advances
to when a compression effect is not discerned in step S1805 of
determining the compression effect, the processor 203 deter-
mines the total amount of write data stored in the data buffer
206 as the compression target. In step S1806, the processor
203 discriminates data for which the compression target data
is small and a compression effect is not independently gen-
erated, and stores write data in the data buffer 206 until the
amount of data is such that a compression effect is produced.

If the total amount of data stored in the data buffer 206 is
smaller than a designated value which can be optionally
changed by the system administrator, the processor 203 ends
the write operation in step S1806 once the existing write data
has been saved. Note that the designated value used in S1806
can be optionally designated by the system administrator but
that a restriction determined by the capacity of the data buffer
is taken as the upper limit value.

However, if the total data amount stored in the data buffer
206 is greater than the designated value, the processor 203
determines that a compression effect is not produced even
though an adequate amount of data has been taken as the
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compression target, and determines that the compression tar-
get is data which cannot be compressed, and advances to the
next step S1808.

In S1808, unwritten PBA Pages are reserved in order to
individually store a plurality of write data for which a com-
pression effect is discerned in S1805.

More specifically, the processor 203 individually acquires
unwritten PBA Pages in order to store write data for indi-
vidual, non-consecutive LBA and advances to S1810. Note
that when the unassigned PBA Pages are exhausted, the pro-
cessor 203 performs a reclamation operation, which is
described subsequently, and reserves unassigned PBA Pages.

In step S1810, the processor 203 writes the write data,
which is written to each of the LBA Pages received in S1801,
still in uncompressed format, to each of the PBA Pages
acquired in S1808.

In step S1811, at the end of the write operation, the pro-
cessor 203 updates the address conversion management
information (LBA/PBA conversion management informa-
tion) 1700 after writing compressed data (S1809) or writing
uncompressed data (S1810) in the flash memory.

If compressed data is written, the processor 203 registers
the start address of PBA Pages to which compressed data has
been written in the item of PBA Page 602 of the LBA Pages
of'the address conversion management information 1700 and
sets the compression flag 605.

However, if uncompressed data is written, the processor
203 registers the start address of the PBA Page assigned to the
item PBA 602 of the LBA Page in the address conversion
management information 1700, and clears the compression
flag 605.

In the third embodiment as described thus far, the area
required for data storage is reduced as a result of writing the
data after performing data compression which is triggered by
the write operation. The reduced area is not referred to by the
higher-level storage controller 121 and can be freely assigned
and managed by the flash module 110. By using this area as an
update data storage area, the number of erases inevitably
produced by data updates of a certain amount can be reduced
in the same way as the case of the first embodiment.

Note that part of the freely managed area reserved through
compression may be used to enlarge the LBA space presented
to the higher-level storage controller 121 and increase the
recording capacity of the flash module 110.

Furthermore, a plurality of write data for which the update
writes and [LBA are not successive can be compressed all at
once and the probability that a compression effect will be
determined is raised even with the same compression require-
ment determination conditions as the first embodiment which
likewise performs compression with a write operation serv-
ing as the trigger. As a result, the device operating life pro-
longation effect of the present invention is further increased.

A read operation according to the third embodiment will be
described next using FIG. 19.

In the very first step S1901 of the read operation, the disk
interface 207 of the flash module 110 receives a read request,
which is transferred from the storage system 101 via the disk
interface 107 of the storage controller 121, as well as an LBA
designating the storage point. This operation is substantially
the same as step S1101 in FIG. 11 and is therefore not
described in any more detail here.

In the subsequent step S1902, the processor 203 searches
for the corresponding LBA Page from the item LBA Page
address 1701 in the address conversion management infor-
mation 1700 shown in FIG. 17 based on the acquired LBA and
acquires registration information of the PBA Page address
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1702 of the LBA Page. The request target PBA Page is speci-
fied from this information and the LBA is converted to aPBA.

This conversion finds the LBA relative address on the LBA
Page from the difference between the LBA and the LBA Page
start address and then calculates the PBA by adding the PBA
start address to the LBA relative address.

In step S1903, the processor 203 examines whether the
read target destination PBA Page is compressed.

In specific terms, the processor 203 acquires a registration
value of the item compression flag 1703 of the LBA group in
the address conversion management information (LBA/PBA
conversion management information) 1700. If the acquired
value is 1, the processor 203 determines the read target as
compressed data and moves on to step S1905 but if the
acquired value is 0, the processor 203 determines that the read
target PBA is reading of an uncompressed PBA Page and
advances to step S1904.

In step S1904, the processor 203 reads the physical page
designated by the PBA from the flash memories 209 to 217.
The specific operation is the same as step S1106 shown in
FIG. 11 and will not be described here.

In S1905, for the reading of a compressed data page, com-
pressed data is read from the value indicated by the PBA and
decompressed.

More specifically, the processor 203 reserves a compressed
data storage area and decompressed data storage area in the
data buffer 206.

The processor 203 subsequently instructs the flash memory
interface 208 to perform reading by designating the start
address of the compressed data as a PBA and designating the
data size of the compressed data recorded in compressed data
length 1704 of the address conversion management informa-
tion (LBA/PBA conversion management information) 1700,
and the start address of the compressed-data storage area in
the data buffer 206.

Thus instructed by the processor 203, the flash memory
interface 208 calculates the flash memory number, the physi-
cal block number, and the physical page number from the
designated PBA, reads the compressed data from the calcu-
lation result, and writes the compressed data thus read to the
compressed-data area in the data buffer 206.

The processor 203 then instructs the compress/decompress
unit 205 to perform data decompression by designating the
start address and area size compressed-data storage area the
start address of the decompressed data storage in the data
butfer 206.

After receiving the instruction, the compress/decompress
unit 205 reads data in an amount equal to the area size, based
on the start address of the compressed data storage area in the
data buffer 206, from the compressed data storage area the
data buffer 206, and performs data decompression of the
compressed data thus read on the data bufter 206.

Thereafter, the data compress/decompress unit 205 writes
the data generated by the decompression from an area corre-
sponding to the start address in the designated decompressed
data storage area in the data buffer 206 and notifies the pro-
cessor 203 of the data size of the decompressed data thus
written.

The processor 203 then adds the registration value of the
compressed-data relative address 1705 of the address conver-
sion management information 1700 to the start address of the
decompressed data storage area, and acquires the address
storing the read target page.

InS1906, the processor 203 transfers the data read from the
flash memory in S1904 and S1905 to the read request source
storage controller 121.
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More specifically, the processor 203 instructs the disk
interface 207 of the flash memory controller 201 to perform a
data transfer by designating the address of the read request
target data in the temporary storage area or decompressed
data storage area in the data buffer 206.

Thus instructed by the processor 203, the disk interface 207
reads the data from the data buffer 206 and transfers the data
thus read to the storage controller 121.

In S1109 which is the last step in the read operation, the
value of the read count item 1706 of the address conversion
management information is incremented.

As a result of the read operation described thus far, in the
third embodiment, the data of an LBA for which reading is
requested is transferred to the request source.

The reclamation and refresh operation according to the
third embodiment will be described next. The original mean-
ings of the reclamation and refresh operations according to
the third embodiment are the same as those of the second
embodiment and will therefore not be described here. Simi-
larly to the first embodiment, the third embodiment enables
the previous erase time interval to be recorded for each physi-
cal block and enables the time elapsed since data was stored
to be acquired. According to the third embodiment, a refresh
operation is started in the event that the time that elapses after
this data storage approaches a finite data protection term for
the flash memory.

In addition, according to the third embodiment, the number
of valid pages and number of invalid pages are managed for
each of the physical blocks and in the even that the PBA Pages
which can be newly assigned are exhausted, a reclamation
operation is started by taking, as targets, physical blocks with
a large number of invalid pages.

Note that the reclamation and refresh operations are the
same except for their triggers for operation and therefore both
operations will be referred to collectively as the reclamation
operation, except for cases where there is a particular need to
specify and indicate each operation.

In the third embodiment, because the corresponding rela-
tionships between the LBA and PBA are managed not in
group units configured from a plurality of physical pages as
mentioned in the first embodiment but instead in physical
page units which are the minimum write units, a plurality of
physical pages with non-consecutive addresses can be simul-
taneously taken as targets in a reclamation operation. For this
reason, during a reclamation operation, data with a low
update frequency and low read frequency can be combined
from non-consecutive LBA groups.

The third embodiment enables data compression which
reduces a drop in device performance from the overhead of
compress/decompress processing when referring to com-
pressed data by excluding data of'a high update frequency and
high read frequency and batch-compressing the data with a
low update frequency and low read frequency.

FIG. 20 shows an overview of reclamation according to the
third embodiment.

In FIG. 20, the reclamation targets taken are a plurality of
physical blocks 2101 to 2104 which serve as reclamation
target block groups. Here, each of the active pages of the
physical blocks 2001 to 2004 is assigned to an LBA which has
not been updated for a definite period, but is in principle
identified for reclamation. This set of valid pages can be
treated as a low update frequency data group 2111.

In the third embodiment, the processor 203 refers to the
read count 1706 in the address conversion management infor-
mation 1700 in FIG. 17 and manages, as a low update fre-
quency & high read frequency data group 2121, a data group
of valid pages which are assigned to LBA Pages with a high
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read frequency from the low update frequency data group
2111, and manages, as a low update frequency & low read
frequency data group 2122, a data group of valid pages which
are assigned to LBA Pages with a low read frequency.

If, of these two data groups, the low update frequency &
low read frequency data group is taken as the compression
target and there is a compression effect after the compression
effect determination, compressed data is written to other
areas and if there is no compression effect, uncompressed
data is written to other areas.

Meanwhile, the low update frequency & high read fre-
quency data group is written to other physical blocks as a
non-compression target. After each of these write operations,
the address conversion management information 1700 is
updated and the plurality of blocks 2001 to 2003, which are
the reclamation targets, are made unassigned invalid blocks.
The physical blocks 2001 to 2003 which are invalid blocks are
erased with optional timing and are unwritten blocks.

A reclamation operation due to data compression in which
the low update frequency & low read frequency data group is
targeted will be explained hereinbelow using the flowchart
shown in FIG. 21.

Note that an uncompressed reclamation operation which
targets the low update frequency & high read frequency data
group only writes to pages of optional physical blocks other
than the target physical blocks, and updates the address con-
version management information, and will not be described
here.

The very first step S2101 of the reclamation due to data
compression shown in FIG. 21 entails reading compressed
data (hereinafter called valid compressed data) which is
assigned to valid pages and LBAs from a plurality of recla-
mation target physical blocks. The valid compressed data is
decompressed and the valid pages in the compressed data are
read.

More specifically, the processor 203 uses the address con-
version management information 1700 in FIG. 17 to read all
the valid pages and valid compressed data assigned to LBA
Pages in the target physical blocks to the data buffer 206 from
the flash memory.

The processor 203 then instructs the compress/decompress
unit 205 to decompress the valid compressed data in the data
buffer 206 and acquires the data of the compressed-data pages
assigned to the LBA Pages from the decompressed data.

Inthe following step S2102, the processor 203 acquires the
registration value of the read count 1706 item in the address
conversion management information 1700 in FIG. 17 for each
LBA Page and acquires the data of the valid pages assigned to
the LBA Pages for which the acquired read count is numeri-
cally smaller than a value designated by the system adminis-
trator.

In step S2103, the data of each of the valid pages stored in
the data buffer 206 is compressed. More specifically, the
processor 203 reserves a compressed data storage area in the
data buffer 206.

The processor 203 then instructs the data compress/decom-
press unit 205 to perform data compression by designating
the start address and area size of the data storage areas of all
the valid pages and the start address of the compressed data
storage area, which were stored in step S2102 in the data
buffer 206, and issues a data compression instruction.

After receiving the instruction, the data compress/decom-
press unit 206 reads data in an amount equal to the area size
from the start addresses of all the valid page data storage areas
designated in the data bufter 206 and batch-compresses the
read data.
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Thereafter, the data compress/decompress unit 205 writes
the compressed data generated by the compression in the
compressed data size from the start address of the compressed
data storage area designated in the data butfer 206 and notifies
the processor 203 of the data size of the compressed data thus
written.

In step S2104 which follows, the processor 203 calculates
the compression effect. In S2104, the processor 203 calcu-
lates the number of pages (number of compressed-data stor-
age pages) required for storage from the compressed-data
data size reported by the data compress/decompress unit 205
in step 2103.

Thereafter, the processor 203 calculates the number of
pages that need to be stored (the number of uncompressed
data storage pages) from the data size of the plurality of valid
page data stored in the data buffer 206, and finally calculates
the difference between the number of compressed data stor-
age pages and the number of uncompressed data storage
pages, and takes the calculated difference as the compression
effect.

In step S2105, the processor 203 determines, based on the
compression effect calculated in the preceding step S2104,
which of the compressed data and uncompressed data of the
flash memory is to be written to the flash memories 209 to
217.

Thereupon, the processor 203 determines that there is a
compression effect if the compression effect acquired in
S2104 is greater than the designated value (designated num-
ber of pages) designated by the system administrator, and
advances to step S1807. However, if the compression effect
acquired in S2104 is smaller than the designated value, the
processor 203 determines that there is no compression effect,
discards the compressed data generated in S2103, releases the
compressed data storage area in the data buffer 206, and then
advances to the processing of step S2107.

In 82106, the processor 203 reserves PBA Pages in order to
store data for which a compression effect was discerned in
S2105. More specifically, the processor 203 acquires a plu-
rality of consecutive and unassigned PBA Pages equivalent to
an area capable of storing the compressed data and advances
to the processing of S2108.

Note that when the unassigned PBA Pages are exhausted,
the processor 203 may erase the reclamation source physical
blocks and reserve unassigned PBA Pages.

In S2108, the processor 203 writes compressed data to the
plurality of consecutive PBA Pages acquired in the preceding
step S2108. In specific terms, the processor 203 instructs the
flash memory interface 208 to perform writing to the flash
memories 209 to 217 by designating the start address of the
compressed-data storage area storing compressed data in step
S2103 in the data buffer 206 and designating the data size of
the compressed data and the start addresses of the PBA Pages
reserved in S2106 as PBAs.

Thus instructed by the processor 203, the flash memory
interface 208 calculates the flash memory number, the physi-
cal block number, and the physical page number from the
designated PBA and specifies the physical pages which are
write targets from the calculation result.

Subsequently, the flash memory interface 208 reads data
from the compressed-data storage area of the data buffer 206
and then writes compressed data to the write target pages.

However, in step S2107, to which the processor 203
advances when a compression effect is not discerned in step
S2105 for determining a compression effect, the processor
203 reserves PBA Pages in order to individually store a plu-
rality of valid page data for which a compression effect is not
discerned.
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More specifically, the processor 203 individually acquires
unassigned PBA Pages for the data of each of the valid pages
and advances to the processing of S1810. Furthermore,
because the valid page data is combined, PBA Pages of speci-
fied physical blocks may be reserved in a batch. Thus, by
integrating valid page data, data with analogous access pat-
terns and low update- and read frequencies can be gathered in
physical blocks.

Note that when the unassigned PBA Pages are exhausted,
the processor 203 may erase the reclamation source physical
blocks and reserve unassigned PBA Pages.

In step S2109, the processor 203 writes the valid page data
acquired in S2102, still in uncompressed format, to each of
the PBA Pages acquired in S2107.

In step S2110, at the end of the write operation, the pro-
cessor 203 updates the LBA/PBA conversion management
information 1700 after writing compressed data (S2108) or
writing uncompressed data (S2109) in the flash memory.

Here, if compressed data is written, the processor 203
registers the start address of PBA Pages to which compressed
data has been written in item PBA Page address 1702 of the
LBA Pages of the address conversion management informa-
tion (LBA/PBA conversion management information) 1700
and sets the compression flag 1703.

Here, if uncompressed data is written, the processor 203
registers the start address of assigned PBA Pages in item PBA
Page address 1702 of the LBA Pages of the address conver-
sion management information (LBA/PBA conversion man-
agement information) 1700 and clears the compression flag
1703.

As has been described thus far, according to the third
embodiment, by performing compression of stored data in
response to reclamation and refresh operations and determin-
ing the need for compression using the read frequency, data
with a low update frequency and low read frequency is com-
pressed, thereby reducing a drop in the device performance as
a result of the overhead when referring to compressed data.

Furthermore, as a result of data compression, the number
of PBA Pages to which update data is written can be
increased. As a result, the frequency with which a reclamation
or refresh operation occurs is reduced and the number of
erases of the flash memory can be reduced. The operating life
of'a storage device whose lifespan is determined by the num-
ber of erases can therefore be prolonged.

REFERENCE SIGNS LIST

121 to 123 Storage controller

110 Hash module

201 Flash memory controller

205 Data compress/decompress unit

208 Hash memory interface

209 Flash memory

401 Base area page

404 Update area page

501 LBA group

511 PBA group

603 Update area start address

605 Compression Bag

701 Compressed base area page

711 Compressed-data base area page

The invention claimed is:

1. A semiconductor storage device, comprising:

a plurality of flash memory chips, comprising a plurality of
physical blocks, each of which is a unit of erasing data,
and comprises a plurality of physical pages, each of
which is a unit of reading or writing data; and
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a flash memory controller configured to control a reading
or writing operation to the plurality of flash memory
chips,

wherein the flash memory controller is configured to:
receive write data;
compress the write data to compressed data;
store the compressed data into at least one physical page

of'the plurality of flash memory chips when a number
of physical pages required to store the compressed
data is smaller than a number of physical pages
required to store the write data;
manage a logical address space which is an access target
of an access request source by dividing the logical
address space into a plurality of logical pages, and
manage each of the pages in association with the
physical pages which belong to an of the physical
blocks, and when any of the logical pages is desig-
nated in response to a write request from the access
request source:
select one, two or more of the physical pages as physi-
cal pages which correspond to the designated logi-
cal pages; and
store compressed write data on the selected physical
pages, form a virtual physical page for storing the
compressed write data as data when the com-
pressed write data is virtually decompressed, and
change the corresponding relationship between the
designated logical page and the one, two or more of
the physical pages of the physical block corre-
sponding to the logical page into a corresponding
relationship between the designated logical page
and the virtual physical pages;
when a logical page, which is the same as the designated
logical page, is designated in response to a subsequent
access request, process the virtual physical page as an
access destination;
accumulate write data which is added to each of the write
requests each time a write request is received from the
access request source, and batch-compress a plurality
of the accumulated write data;
when a compression effect of the compressed write data
is greater than a designated value, assuming said con-
dition is fulfilled, store the compressed write data on
the selected physical page; and
when the compression effect of the compressed write
data is smaller than a designated value, assuming said
condition is fulfilled, store the write data added to
each of the write requests on the selected physical
page.

2. The semiconductor storage device according to claim 1,

wherein each of the physical blocks is divided into a base
area configured to store new write data among the write
data related to a write request and into an update area
configured to store an update data which is configured to
update the data stored in the base area, and a plurality of
physical pages are respectively assigned to the base area
and the update area,

wherein the flash memory controller is configured to:

manage a logical address space which is an access target;

divide the logical address space into a plurality of logical
groups, wherein each of the logical groups is associated
with the base area of each of the physical blocks;
receive a write request designating a logical address of
the logical address space;
specify a logical group including the designated logical
address;
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select a physical block within the base area for storing
the compressed write data;
store the compressed write data into a physical page in
the selected physical block;
form a virtual page assigned to the physical page which
stores the compressed data, for managing the com-
pressed write data as data when the compressed write
data is virtually decompressed;
change the corresponding relationship between the
specified logical group and the physical page into a
corresponding relationship between the specified
logical group and the virtual page; and
process the physical page which is assigned to the virtual
page as an access destination when the specified logi-
cal group, is designated by a subsequent access
request.
3. The semiconductor storage device according to claim 1,
wherein each of the physical blocks is divided into a base
area which is a storage destination of new write data
among write data applied to the access request and an
update area which is a storage destination of update data,
and a plurality of physical pages are respectively
assigned to the base area and the update area,
wherein when, as a result of the write data compression, the
physical pages serving as write targets among the physi-
cal pages which belong to the selected physical block are
reduced, the flash memory controller is configured to:
reduce a number of physical pages assigned to the base
area belonging to the selected physical block; and
increase a number of physical pages assigned to the
update area belonging to the selected physical block.
4. The semiconductor storage device according to claim 1,
wherein each of the physical blocks is divided into a base
area which is a storage destination of new write data
among write data applied to the access request and an
update area which is a storage destination of update data,
and a plurality of physical pages are respectively
assigned to the base area and the update area,
wherein the flash memory controller is configured to:
compare, among the write data, the data size of the write
data before the compression with the data size of the
write data after the compression;
write the write data after the compression to the base area
when the data size of the write data after the compression
is smaller than the data size of the write data before the
compression by at least size of the physical page; and
write the write data before the compression to the base area
when the data size of the write data after the compression
is not smaller than the data size of the write data before
the compression by at least size of the physical page.
5. The semiconductor storage device according to claim 1,
wherein each of the physical blocks is divided into a base
area which is a storage destination of new write data
among write data applied to the access request and into
an update area which is a storage destination of update
data, and a plurality of physical pages are respectively
assigned to the base area and the update area,
wherein the flash memory controller is configured to, when
the data stored on the physical page of the base area
belonging to any of the physical blocks is updated in
response to the write request as update source data;
create update data from the update source data and the
write data applied to the write request;
write the created update data to the update area which
belongs to the same physical block as the update
source data, and creates update area management
information which associates an update source
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address indicating an access destination of the update
source data with an update area address indicating a
write destination of the update data, and if the access
request is a read request and the update source data is
designated in response to the read request;
search for the update area management information;
acquire the update area address; and
read the update data from the update area according to
the acquired update area address.
6. The semiconductor storage device according to claim 1,
wherein each of the physical blocks is divided into a base
area which is a storage destination of new write data
among write data applied to the access request and an
update area which is a storage destination of update data,
and a plurality of physical pages are respectively
assigned to the base area and the update area,
wherein the flash memory controller is configured to, when
unwritten physical pages of the update area belonging to
any of the physical blocks are exhausted, manage the
physical block as a reclamation target physical block,
and read data of the base area belonging to the reclama-
tion target physical block and update data of the update
area belonging to the reclamation target physical block
respectively on a data buffer; and
when the read frequency of data read on the data buffer is
smaller than a designated value, assuming said condition
is fulfilled, compress the data read on the data buffer,
erase data in the reclamation target physical block from
which data was read onto the data buffer, and write the
data compressed on the data buffer to the reclamation
target physical block from which the data was erased or
to the base area of another physical block which differs
from the reclamation target physical block.
7. The semiconductor storage device according to claim 1,
wherein each of the physical blocks is divided into a base
area which is a storage destination of new write data
among write data applied to the access request and an
update area which is a storage destination of update data,
and a plurality of physical pages are respectively
assigned to the base area and the update area,
wherein the flash memory controller is configured to:
when all the data stored in any of the physical blocks has
not been an access target for a definite period since
being stored, manage, among the physical blocks, a
physical block in which data has not been an access
target for a definite period since being stored as a
refresh target physical block, and read data in the
refresh target physical block on a data buffer and
when the read frequency of data read on the data buffer
is smaller than a designated value, assuming the above
condition is fulfilled, compress the data read on the
data buffer, erase data in the refresh target physical
block from which data was read onto the data buffer,
and write the data compressed on the data buffer to the
refresh target physical block from which the data was
erased or to the base area of another physical block
which differs from the refresh target physical block.
8. The semiconductor storage device according to claim 1,
wherein the flash memory controller is configured to, when
unwritten physical pages belonging to any of the physi-
cal blocks are exhausted:
manage the physical block as a reclamation target physi-
cal block;
read data in the reclamation target physical block onto a
data buffer;
determine a read frequency level of data read on the data
buffer;
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batch-compress data with a low read frequency among
the data read on the data buffer on the basis of the
determination result;

erase data in the reclamation target physical block from
which data was read onto the data buffer; and

write the data compressed on the data buffer to the rec-
lamation target physical block from which the data
was erased or to the physical pages of another physi-
cal block which differs from the reclamation target
physical block; and

when all the data stored on a physical page which belongs

to any of the physical blocks has not been an access

target for a definite period since being stored:

manage the physical block as a refresh target physical
block;

read data in the refresh target physical block onto the
data buffer;

determine a read frequency level of data read on the data
buffer;

batch-compress data with a low read frequency among
the data read on the data buffer on the basis of the
determination result, erases data in the refresh target
physical block from which data was read onto the data
buffer; and

write the data compressed on the data buffer to the
refresh target physical block from which the data was
erased or to the physical pages of another physical
block which differs from the reclamation target physi-
cal block.

9. A data control method for a semiconductor storage

device, the method comprising:

controlling, by a flash memory controller, a reading or
writing operation to a plurality of flash memory chips,
comprising a plurality of physical blocks, each of which
is a unit of erasing data, and comprises a plurality of
physical pages, each of which is a unit of reading or
writing data,
wherein each of the physical blocks is divided into a base
area configured to store new write data among write data
and into an update area configured to update data stored
in the base area, and a plurality of physical pages are
respectively assigned to the base area and the update
area;
receiving, by the flash memory controller, write data;
compressing, by the flash memory controller, write data to
compress data; and
storing, by the flash memory controller, the compressed
data into at least one physical page of the plurality of
flash memory chips when a number of physical pages
required to store the compressed data is smaller than a
number of physical pages required to store the write
data;
managing a logical address space which is an access target
of an access request source by dividing the logical
address space into a plurality of logical pages, and man-
aging each of the logical pages in association with the
physical pages which belong to any of the physical
blocks, and when any of the logical pages is designated
in response to a write request from the access request
source:
selecting one, two or more of the physical pages as
physical pages which correspond to the designated
logical pages; and
storing compressed write data on the selected physical
pages, forming a virtual physical page for storing the
compressed write data as data when the compressed
write data is virtually decompressed, and changing
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the corresponding relationship between the desig-
nated logical page and the one, two or more of the
physical pages of the physical block corresponding to
the logical page into a corresponding relationship
between the designated logical page and the virtual
physical pages;
when a logical page, which is the same as the designated
logical page, is designated in response to a subsequent
access request, processing the virtual physical page as an
access destination;
accumulating write data which is added to each of the write
requests each time a write request is received from the
access request source, and batch-compressing a plural-
ity of the accumulated write data;
when a compression effect of the compressed write data is
greater than a designated value, assuming said condition
is fulfilled, storing the compressed write data on the
selected physical page; and
when the compression effect of the compressed write data
is smaller than a designated value, assuming said con-
dition is fulfilled, storing the write data added to each of
the write requests on the selected physical page.
10. The data control method for a semiconductor storage
device according to claim 9, further comprising:
managing, by the flash memory controller, a logical
address space which is an access target group;
dividing, by the flash memory controller, the logical
address space into a plurality of logical groups, wherein
each of the logical groups is associated with the base
area of each of the physical blocks;
receiving a write request designating a logical address of
the logical address space;
specitying a logical group including the designated logical
address;
selecting a physical block within the base area for storing
the compressed write data;
storing the compressed write data into a physical page in
the selected base physical block;
forming a virtual page assigned to the physical page which
stores the compressed data, for managing the com-
pressed write data as data when the compressed write
data is virtually decompressed;
changing the corresponding relationship between the
specified logical group and the physical page into a
corresponding relationship between the specified logi-
cal group and the virtual page; and
when a logical group is designated by a subsequent access
request, processing the physical page which is assigned
to the virtual page as an access destination.
11. The data control method for a semiconductor storage
device according to claim 9, further comprising:
when, as a result of the write data compression, the physi-
cal pages serving as write targets among the physical
pages which belong to the selected physical block are
reduced, reducing, by the flash memory controller, a
number of physical pages assigned to the base area
belonging to the selected physical block; and
increasing, by the flash memory controller, a number of
physical pages assigned to the update area belonging to
the selected physical block.
12. The data control method for a semiconductor storage
device according to claim 9, further comprising:
comparing, by the flash memory controller, among the
write data, the data size of the write data before the
compression with the data size of the write data after the
compression;
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when the data size of the write data after the compression is
smaller than the data size of the write data before the
compression by at least size of the physical page, writ-
ing, by the flash memory controller, the write data after
the compression to the base area; and

when the data size of the write data after the compression is
not smaller than the data size of the write data before the
compression by at least size of the physical page, writ-
ing, by the flash memory controller, the write data before
the compression to the base area.

13. The data control method for a semiconductor storage

device according to claim 9, further comprising:

when the data stored on the physical page of the base area
belonging to any of the physical blocks is updated by the
write request as update source data:

creating, by the flash memory controller, update data
from the update source data and the write data applied
to the write request;

writing, by the flash memory controller, the created
update data to the update area which belongs to the
same physical block as the update source data; and

creating, by the flash memory controller, update area
management information which associates an update
source address indicating an access destination of the
update source data with an update area address indi-
cating a write destination of the update data; and

when the access request is a read request and the update

source data is designated in response to the read request:

searching, by the flash memory controller, for the update

area management information, acquires the update
area address; and

reading, by the flash memory controller, the update data
from the update area according to the acquired update
area address.

14. A storage system comprising:

a plurality of semiconductor storage devices, and

a storage controller configured to control the plurality of
semiconductor storage devices as a RAID group,

wherein each of the plurality of semiconductor storage
devices comprises:

a plurality of flash memory chips which comprise a
plurality of physical blocks, each of which is a unit of
erasing data, and comprises a plurality of physical
pages, each of which is a unit of reading or writing
data; and

a flash memory controller which is configured to:
control reading or writing operation to the plurality of

flash memory chips;
receive write data;
compress the write data to compressed data;
store the compressed data into at least one physical
page of the plurality of flash memory chips when a
number of a physical page required to store the
compressed data is smaller than a number of physi-
cal pages required to store the write data;
manage a logical address space which is an access
target of an access request source by dividing the
logical address space into a plurality of logical
pages, and manage each of the logical pages in
association with the physical pages which belong
to any of the physical blocks, and when any of the
logical pages is designated in response to a write
request from the access request source:
select one, two or more of the physical pages as
physical pages which correspond to the desig-
nated logical pages; and
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store compressed write data on the selected physi-
cal pages, form a virtual physical page for stor-
ing the compressed write data as data when the
compressed write data is virtually decom-
pressed, and change the corresponding relation-
ship between the designated logical page and the
one, two or more of the physical pages of the
physical block corresponding to the logical page
into a corresponding relationship between the
designated logical page and the virtual physical
pages;
when a logical page, which is the same as the desig-
nated logical page, is designated in response to a
subsequent access request, process the virtual
physical page as an access destination;
accumulate write data which is added to each of the
write requests each time a write request is received
from the access request source, and batch-com-
press a plurality of the accumulated write data;
when a compression effect of the compressed write
data is greater than a designated value, assuming
said condition is fulfilled, store the compressed
write data on the selected physical page; and
when the compression effect of the compressed write
data is smaller than a designated value, assuming
said condition is fulfilled, store the write data added
to each of the write requests on the selected physi-
cal page.
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